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THE GROWTH OF ORGxVNS IN THE ALBINO RAT AS 
AFFECTED BY GONADECTOMY 

SHINKISHI HATAI 

The Wistar Institute of Anatomy and Biology 

The object of the present paper is twofold. (1) To test the 
several findings given in my previous work on the effect of gon- 
idectomy (Hatai T3) and (2) to extend similar observations to, 
several other ductless glands besides the hypophysis and ovaries. 
J\Lrthermore, the present paper includes observations on the 
Jffect of semi-castration, ligation of the spermatic^ cords, and 
isolation of the ovaries from the uterus. lu some series the weight 
and length of various bones, as well as the weights of parts of 
the encephalon, have been investigated also. 

For this discussion I have found it convenient (o introduce 
the W(^d ^gonadectomy;^ a word proposed to cover both castration 
.and spaying. As the literatm’e shows, the word ^castration* 
is often used for operations on both males and females, while 
in some instances castration is applied only to operations on the 
males; and for those on the female the word ‘ovariotomy' or 
'spaying' is used. This double use of the word ‘castration,' 
signifying either the removal of the testes alone, or the sex 
f ands of both sexes, makes for confusion. 

^The term ‘gonadectomy’ is useful therefore not only because 
it reduces to one word the expression “removal of the sex glands 
in either sex" but also because it leaves ‘castration’ to apply 
to the operation on the male, while that on the fenigle is desig- 
nated by 'spaying.' In this paper, therefore, the word gonadec- 
t % is used throughout, whenever reference is made to the ^ 
removal of the sex glands in both sexes, or withoi^it distinction 
of sex. 


THE ^OTIBNAI- OT EXPERIMENTAL ZOOLOGT, VOL. 18, NO. 1 
JANTJABT, 1915 
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MATERIAL 

The albino rats whict have been used were obtained from tlie 
colony The Wistar Institute during 1912 to 1913. The 
individuals belonging to the same litter were divided into two 
lots; one lot for oontrd and the other for operation. The comf 
parison is thus made always within the litter. This method of 
comparison is the best, since as shown by Jackson (T3) the^ 
variability of the body ‘weight in' the litter is only about one 
half that in the total population. It is further the impression ■- 
of the present writer that peculiarities, when present, are usually 
found in most of the members of the same litter. v 

In the majority of instances the rats were subjected to oper- 
ation at the age of 20 to 30 days, but in some series the operation 
was done at three different age periods with a view to determin- 
ing the effect of age on the results. AU the operations were 
performed by Dr. Stotsenburg at The Wi^ar Institute and|^ 
wish to acKnowledge with thanks his courtesy in thismatterV 
The method of the operation has been published by Dr. Stotsen- 
burg ('09). The method for removal of the Various organs sdter 
death is given in my papers published recently (Hatai '13, T4) 
and any other methods which have not already been ^vep there 
^will be described later. 

Usually the operated rats were placed in the same cage withi 
the controls. Thus one cftge (1x1x5 feet) was occupied by 
all the individuals belonging to a given litter. If, however, the 
litter comprised more than six individuals, it was divided betweeil* 
t^o cages. The operated and control animals were thus treated 
similarly during the period of observation, and f^hermp^,* 
the nornlal rats in the litter were allowed to breed. The objl^t 
of doing this was to keep the rats under as natural conditions 
*as possible. ' , 

Since, we already have sufficient data'on the growth of the body 
in weight Allowing gonadectomy, the rats used for the present 
investigation were not weighed while under observation. 
operated and control rats were examined on the same day m^s 
the appearance of disease necessitated an early killing of one 
or the other. 
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FORMULAS 

Ip drder to determine the amount of deviation of any character 
(e.g., the wei^t of the organ, e^^tonal measurements, etc.) 
In the operated animals from the same character in the controls, 
there, are tw6 methods which are commonly used: * 

1. The weights of the organs (for example) belonging to both 
the controls and. operated are directly compared, irrespective 
of the difference in the body weights or ages of the animals 
employed. So long as the weight of the organ varies with the 
weight of the body or with the age of the animal, this method is 
obviously misleading, nevertheless, it has been used by a sur- 
prisingly large number of investigators. 

2. The second method, which is mpre commonly employed, 
is to determine the ratio between the* weight of the organ and 
that of the body ^nd then to compare the magnitude of the 
ratios for both the controls and the operated. This method 
is, however, not always satisfactory and indeed in some cases 
may even lead to an entirely wrong conclusion when the relation 
between the body weight and the organ weight during growth 
deviates widfely or irregularly from linearity. It is evident, 
therefore, that the safer method is to make a preliniinary study 
of the phases of the normal growth of the organ or organs of the 
species in unoperated individuals in order to obtain data by 
which to estimate the relative deviations more correctly, or 
at least to avoid any misinterpretations arising from the peculiar- 
ities in the growth of the organs with respect to either body 
weight, body length or age. 

Forytotely, in this laboratory we have at hand for the albino 
tat ve^ adequate data on all the organs and characters under 
consideration, and furthermore from these data the mathematical 
formulas have been worked out in order to facilitate interpola- 
tion, as well as to study the forms of the.growth curves for these 
characters. . 

^ I shall now mdicate the method I have employed of computing 
Rr any animal examined, the magnitude’ of the deviations by 
the use of the formulas. All the formulas which used in the 
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present investigation have been given in my papers recently 
published (Hatai, ^13, and therefore jthey will not be re- 
peated here. 

In determining the deviation of the organs, I have chosen 
the body length as the basis for the computation since this is 
the character of the body least subject to incidental modification^ 
As a first step, the weights of the various organs corresponding 
to the observed body length of the rats under examination are 
computed by means of formulas. This computation is made 
for* both the controls and the operated animals. The computed 
values thus obtained usually differ from the observed values, 
though this difference is not always significant. The differences 
between the observed and computed values of both operated 
and controls are now transformed into percentages by taking 
the computed values as 100 per cent. Thus we obtain two 
sets of percentage values, one expressing the* difference between 
the copiputed and observed values in the control rats, and the 
other expressing the differences between computed and observed 
values in the operated rats. If the operation has not altered the 
organs of the animals at all, then these two sets ojf percentages 
should be alike within the limits of the normal fluctuations. If, 
on the other hand, the operation has altered the organs, these 
tWo sets of percentages should differ more or less according to 
the nature of the response to gonadectomy. If we now take 
the differences of these percentage values as given by the con- 
trols and by the operated rats, these differences represent the, 
values by which the operated animals depart from the controls : 
the “body length being used always as' the standard for ^e com- 
putations. I have given in table 1 an illustration of tliPprocess 
of computation as here explained. 

It must be stated, however, that in the case of the thymus 
gland, age i^ taken a-s the basis for the computation, since the 
weight of th^ thymus is much more highly correlated with the 
age of the rat than with either the weight or the 'length of the 
body (see Hatai ’14% Again, in the case of the percentage of 
water in the central nervous system, I have taken the differences 
directly from the observed percentage values, since^ the per- 
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centage of water is a function of the age of the animal (subject 
to a slight correction for the absolute weight of the^ central 
nervous system — Donaldson) and hence so long as the ages of 
the control and operated rats are identical, this direct method 
is sufficiently accurate. 

CASTR.\TIOX OF ALBINO RAT 

CASTRATION AT 16 TO 22 DAYS OP AGE 

This experiment is based on 16 litters comprising 27 controls 
and 26 operated rats. Those 16 litters have been distributed 
in 6 groups, each containing twp or more litters. In all cases 
the grouping was so made as to bring together those in which 
the average body lengths of the controls were most similar. The 
animals were examined 138 days after operation and the results 
of the observations are given in table 2. 

Body length. If we compare the observed body lengths of the 
control and the castrated rats, it is noted that the castrated 
have a body length slightly less than that of the controls. This 
occurs in all six groups and gives an average difference of 4 per 
cent in favor of the controls. In the two previous studies (Don- 
aldson and Hatai Tl, and Hatai T3) we also noticed a similar 
reaction, that is the body lengths were absolutely shorter in the^ 
castrates than in the corresponding controls. We conclude* 
therefore that the castration of young rats hinders the growth 
of the body in length. 

Tail length. It has been noted in my previous study (Hatai 
’13) thaL with respect to the body length, the tail lengths of the 
castrated rats are slightly greater than those of the controls. 
The average difference was 5.2 per cent in favor of the castrates. 
We notice in the present experiment the same, degree of deviation; 
that is, the tails of the castrates are on the average 4.7 per cent 
longer than those of the controls. 

We did not determine the tail length for the rats of the 1909 
series. As the tail of the female rat is normally slightly longer 
than that of the male, this modification of the tail length brings 
the castrated male rats nearer to the female in this respect. 
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Since the anal opening.is taken as the point dividing the tiody 
from the tail, the question arises whetl^er the icpiger tails in 
the operateid rats might have been due to the shifting jw the anus 
following removal of the testes, the l^gth of the caudal verte- 
brae not being altered. As wiU be seen later, the tail length 
of the rate whose spermatic cords had been ligated are also 
longer than those of the controls, to the same extent as in the 
castrates, ’despite the fact that these rats have .the scrotum of 
normal size (though filled mostly with fat and connective tissue) 
and in the normal position. This seems to indieate that in the 
castrates the elongation of the tail with respect to the body 
length should not be attributed to a mere shift of the anus. 
Whatever be the real cause of this phenomenon, we note with 
interest the definite alteration of this external measurement as a 
result of castration. 

Body weight. The absolute body weights of the castrated 
rats are slightly below those of the controls. This is to be ex- 
pected since the body length, which is correlated with the body 
weight, is less in the castrates than in the controls. When, 
however, the body weights in the two series are compared with 
respect to the body length, the castrates show a relatively heavier 
bpdy weight, though the average difference is only 6 per cent 
above that of the controls. This difference is certemly small 
when the normal amount of the fluctuation is considered, never- 
theless it occurs in five out of the six groups, and therefore it 
should not be neglected. In my previous ^tudy (Hatai ’13) 
the corresponding difference in favor of the castrates was found 
to be 3.6 per cent. It seems therefore probable that.there is 
some tendency to a slight overgrowth in body weight with respect 
to the body length as the result of castration. Although precise 
tests have not been made, this incre^ does not seem to be ,due 
to an excess of fat, as in the case of the spayed rats, since the 
post mortem^examination shows no evident difference in the fat 
deposition in thfe tw^ groups. 
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'Ducdess glands, 

Thyroid gland. Table 2 shows that the thyroid of the cas- 
trates wei^-less than that of the controls. The avemge 'defi- 
ciency is 21.5 per cent. . This deficiency occurs in five groups otit 
of the six. It should be noted, however, that the difference 
ranges from —0.8 per cent to -90.3 per cent and this wide range 
of variation must undoubtedly be taken into consideyation 
the normal variability of the thyroid gland is very high. Eor 
this reason an interpretation of the results will be postponed 
i^lil the relations of the thyroid in the remaining series have 
been presented. 

Suprarenal glands. We notice that these glands show a regular 
increase in the castrates as compared with the controls. On the 
average this amount is 17.6 per cent. The amount of the devia- 
tion is quite regular, being from 12.8 per cent to 21.4 percent. 
Furthermore, the increase is shown in all six groups, thus indi- 
cating the significance of the results despite the rather moderate 
magnitude of the alteration. 

Thymus gland. The thymus gland and hypophysis are the 
two organs which exhibit the most striking reactions after cas- 
tration. As is shown in table 2, the thymus* of the castrates is 
on the average 61.2 per cent greater than that of the controls. 
The range of variation is quite uniform with the exception of. 
one undoubtedly abnormal instance , (group X) and extends 
from 63.5 per cent to 87.4 per cent. If we neglect the unusual 
instance of 3.2 per cent in Group X, we obtain an average in- 
crease of 72.7 per cent instead of 61.2 per cent, as given in table 2. 

Hypophysis. The hypophysis also shows a striking alteration 
as the result of castration. This amounts on the average to 
56.7 per cent. The increase is present in all the groups and its 
value ranges from 45.0 per cent to 67.0 per cent. The present 
experiment confirms fully the results obtained from \he castrated 
rats during 1912 (Hatai ^13) where the increase in the hypophysis 
w^ found to be^ 75.6 per cent. 

The somewhat smaller response in the present series may 
probably be correlated withia slight overgrowth of the body in 
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weight as contrasted with that found in the previous study* 
As will be seen iater^ there is a close reciprocal correlation between 
increase in the weight of the body including the fat and the 
increase in the weight of the hypophysis. 

Central nervous system 

Brain weight. As will be seen from table 2, the brains of the 
castrates show a slight but constant overgrowth when compared 
with these of the controls. The excess is 2.6 per cent on the 
average. We have noted in two previous studies a slight de- 
crease instead of an increase, though the amount of decrease 
was by no means large. Thus we found in the castrates, ~~3 
per cent in the 1911 series (Donaldson and Hatai Tl) and 
per cent in the 1913 series (Hatai T3). This lack of correspond- 
ence in the result's suggests that the differences noted here may 
be fluctuations merely. 

Spinal cord weight Like the brain, the weight of the spinal 
cord shows fluctuations which are however slightly greater 
than those in the brain. On the average we And in this study 
an increase of 3.3 per cent in the cord weight in favor of the 
castrates. Further, this increase is shown in five out of%x 
groups. In the 1910 series (Donaldson and Hatai Tl) there 
.was found a deficiency of 5.3 per cent; on the other hand, in the 
1912 series (Hatai T3) an increase of 3.0 per cent, and finally 
in the present series an increase of 3.3 per cent. In addition 
to these results just mentioned, the values obtained from other 
experiments which will be described, suggest that the results 
are probably mere cases of fluctuation,, aiil not to be causally 
related with gonadectomy. 'This subject will be discussed 
later. 

Water content in the brain and in the spinal cord. The water 
content of the central nervous system is practically unaltered 
by castration. We note from table 2 the difference of 0*01 per 
cent in the case of the brain and 0.20 per c^t in the case of the 
spinal cord, both in favor of the castrates. This result agrees 
with those of the two previous serie|, and thus it ^ems safe to 
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conclude that the percentage value of the water content of the 
central nervous system is not altered by the removal of the testes. 

In order to determine the effect of age on the results of castra- 
tion, a small number of rats were operated upon at two other 
periods: one lot at 79 to 93 days and the second lot at 208 to 
232 days. The results are shown in table 3 and table 4, 

CASTRATION AT 79 TO 93 DAYS 

This experiment comprised four litters represented by 6 con- 
trol and 5 operated rats. These were examined 111 days after 
operation. We note from table 3 that the results obtained from 
the present series are not essentially different from those obtained 
where the rats were castrated between 16 and 22 days of age. 
In this series we shall comment only on the values obtained for 
the thyroid and for the central nervous system. 

In the case of the thyroid, the increase is 3.8 per cent against 
-21.5 per cent after early castration, and in the case of the brain 
and spinal cord, the increases are 0.5 per cent and 0.3 per cent 
respectively as against 2.6 per cent and 3.3 per cent always in 
favor of the castrates. These results suggest strongly that the 
vamtions recorded in the previous series are probably mere ■ 
fluctuations. 

CASTRATION AT 208 TO 232 DAYS 

This study comprises three litters represented by 7 controls 
and 8 castrates. The animals were examined at 273 days of age 
or 55 days after op^tion. The reactions shown by this oldest 
series are again similar to those of the two previous series. The 
highest fluctuations are shown by the thyroid and the central 
nervous system. The remaining characters show somewhat 
less difference between the controls and castrated than is found 
in the two previous series. This slight response 'may be due 
either To the shorter interval between operation and examination, 
or to the advanced age at operation which finds the animals 
less responsive. 
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We note with paxticular interest the average increase of the 
thymus gland (53.9 per cent) even at this advanced age. .In 
the normal rat the thymus gland reaches its maxirnmn w^ht 
at about 85 days and then begins to diminish in absolute wei^t- 
very steadily. Indeed at 200 days its loss in weight from : the . 
maximum value is nearly 44 per cent (Hatai ^14) yet even after, 
this atrophy it appears that the thymus is capable of respond^ , 
to castration to nearly the same degree as when the operation is v 
performed on younger rats. 

Parts of the encephalon 

We have noted that the weight of the brain is not noticeably 
modified by castration’ nevertheless it was thought possible 
that the relative weights of the different parts of the brain might 
have been modified. To test this the brain was divided into 
four parts: Cerebrum^ stem^ cerebellum and olfactory bulbs, 
in the following way: 

1. Olfactory bulbs. The brain is placed With the dorsal side y 
up and with a very sharp scalpel the olfactory bulbs are cut 
from the rest of the encephalon by section of the olfactory 
.tracts just caudad to the bulbs. The portions thus separ^d 
are designated as the olfactory bulbs. 

• 2. Cerebellum, The cerebellum is next removed by severing 
with sharp scissors the several peduncles. 

3. Cerebrum. The cerebrum is separated from the stem by 
cutting with a scalpel carried in the plane passing just in. frpnt 
of the dorsal edge of the anterior colliculi just caUdad to the 
corpus mammillare. 

4. The remaining portion, egiudad to this plane of'section, is 

the stem. , - 

The results of this investigation are given in table 5. The 
rats used for jt belonged to the series castrated at 16 to 22 3ays. 
They were arranged according to age instead of body length, 
since the relative weights of the parts of the encephalon are^more 
closely correlated with age. 
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The total 'Htimber of the animals used waiS' 22 Control and 22 
^ cas^ted, .and these were examined in 6 age groups. In each 
"group the* controls and castrated belong to the same litters. 
As will he seeif from table 5, there is practically no difference' 
ii the proportional weights of the parts of the brain in the two 
sd^. There is however some slight tendency to a relatively 
smaller weight of the olfactory bulbs in the castrates. The 
observations are too few and the difference too slight, however, 
to justify us in putting emphasis on the deviation now. I there^ 
fore conclude that so far as the observations go, there is no 
i^por^nt difference between controls and castrates in the relative 
weigHls of the parts of the brain. 

Weights and lengths of certain hones 

In order to determine whether or not castration produces 
modifications in the skeletal system of rats, some bones, the 
humerus, radius and ulna, femur and tibia and fibula, were 
j^mmined. The preparation of the bones was as follows: 

The fresh bones were roughly cleaned by dissection and then . 
put into a hot solution of 2 per cent ^‘gold dust cleaning powder” 
(a Jlmmercial preparation) for nearly two hours. The period 
of course varies slightly according to the size and age of the 
specimens. As soon as the remaining soft parts were mace- 
rated, the bones were cleaned with a strong tooth brush, with 
an occasional use of the bOne scraper. * These bones thus cleaned 
were gently wiped with blotting paper and weighed. This 
wei^t is designated here as the“fresh wei^t.^ The bones were 
then placed in sma^ v|ps .Without corks. After about eight 
ihonths these bones were again weighed and the amount of mois- 
ture ivas determined— this gave the ^dried weight.^t It may be 
stated that we have had a large experience with the method of 
preparation in connection with other investigations in this 

^ This is not to be confused with the weight of ‘dry substance,^! to be obtained 
by subjecting the bones to a temperature of 95^ C., until they reach a constant 
weight. 
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laboratory, and the above method has been found to be perfectly 
trustworthy for purposes like the present. 

The method just given has been applied to all th^ other 
series (after spaying and semi-spaying) in which the bones have 
been studied. The results of this examination are given in table 
6. The final averages from table 6 show the following relations? 



: BODY LENGTH TO AV. \ 

BODYWFIOHTTO 

. . * 

WATBB CONTENT IN 


BONE LENGTH I 

BONE WEIGHT 

FEB CENT 

Controls 

1:0.141 ! 

1:0.0124 

25.14 . 

Castrated 

j 1:0.142 1 

1:0.0129 

27^ * 


We note from these relations that the difference between 
the controls and the castrates is very slight, except in the .water 
content in which a difference is clearly indicated. It must be 
noted, however, that when examined by litters there is a tendency, 
though slight, for the castrated rats to give constantly a small 
relative excess in both length and weight of the bones. The 
small excess is shown in all four groups. At the same time, it* 
must be admitted that the difference is certainly much smaller 
than might have been anticipated from the rep’orts of previous 
investigators who have discussed the modification of the skeleton 
after castration. 


SPAYING QF THE ALBINO RAT 
SPAYING^AT 19 TO 30 DAYS OF AGE 

The present observations are based nn 15 litters comprising 
30 controls and 28 spayed. These 15 litters were ganged in 
6 groups according to the method adopted for the previous 
series. The animals were examined from 101 to 190 days after 
the operation. The results are shown in table 7. 

Body length. If we compare the absolute values of the body 
lengths of the control and spayed, we note a slightly longer body 
in the spayed. Though the difference is only 2.5 per cenUn 
favor of the ^ayed, nevertheless it occurs in five out of six groups, 
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while the remaining group shows equality. The significance 
of this difference is enhanced, despite its small value, by the fact 
that i^has been observed in a previous study (Hatai '13) that 
the spayed show an increase of 2,7 per cent in body length over 
that of the controls. From these two studies, which present 
th^same degree of increase, we may safely conclude that spaying 
stimulates the growth of the body in length. It is interesting 
to ndte in this connection that castration as already pointed o\it 
(see page 5) has the reverse effect. 

Tail length. With respect to the body length, the tails of the 
spayed^ are slightly longer than those of the controls. The 
atverage increase is 1.9 per cent in favor of the sjmyed. This 
increase, however, may not be at ail significant, unlike the re- 
action in the case of the castrates, as it is highly irregular. Alore*- 
over, the two other spayed series, which will be presented later, 
show a decrease in one case and an increase in the other in the 
length of the tail. These results can best be taken as indicating 
a statistical variation rather than a significant modification 
produced by the removal of the ovaries. . 

Body weight. The body weight with respect to the Uody length 
is greater in 'the spayed than in the controls. The average 
value gives an increase of 7.3 per cent in favor of the spayed. 
The range of this increase is high, being from 2.2 per cent to 13.2 
per cent, nevertheless it is always in the same direction; that is 
the spayed have a relatively heavier body. The samo response 
was noted iti my previous study on spaying (Hatai T3) though 
the difference there found was only 3.1|^er cent. This low 
value obtained from the 1912 series was due to thb somewhat 
emaciated condition of #me of the rats at the time of killing. 
We conclude, therefore, that the spayed rats are longer and 
heavier, while the tail length is not altered, by spaying. It 
^should ^e added here that the spayed rats belonging to the pre- 
sent series did not show as much obesity as those belonging to 
some previous series (see Stotsenburg ’13, and Hatai ’13). This 
fact is iirg)ortant since the variations in the degree of obesity 
are intimately related with the variations in the weight of the 
hypophysis. 
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Dtidleas glands 

Thyroid gland. As in the case of the castrates, the thyroid 
gland of the spayed shows considerable fluctuation ih^eight. 
Althou^ on the average spayed have a slightly heavier thyroid 
(3.3 per cent) nevertheless we find an increase in three groups 
and a decrease in the remaining three, and in addition toilhis 
inconstancy the range of variation is also very great'. We^shall 
therefore postpone the discussion of this to a later occasion. 

Suprarenal glands. The suprarenal glands of the spayed are 
smaller than those of the controls. The difference on the ayer- 
age is 18.5 per cent against the spayed. This diminution Jp 
the. spayed occurs in all six groups, while the range of variation 
is not so great if we omit one instance, giving an exceptionally 
small value (group 9, in which the difference is —5.7 per cent). 
Furthermore, the two remaining spayed series also show a 
corresponding diminution and thus we may safely^ concjlude 
that spaying hinders the normal rate of growth of the suprarenal 
glands in respect to the body weight. . . . 

It is interesting |6 recall that castration tends to increase the 
weight of the suprarenal glands — ^just the opposite effect to that 
produced by spaying. Since normally the female rat has l^ger 
guprarenals than the male, and since castration increases, whil^i 
spaying diminishes the weight of these glands, we see that as 
the result of gonadectomy the two sexes tend to approach one 
another in this character. ’ 

Thymus gland, ^e thymus gland of the spayed slipws a 
most striking alteratHu. In some cases its increase runs as.hi^ 
as in the castrates, and indeed on the average it shows an ^cre£^ 
of 58.3 per cent in favor of the spayed. This increase in the 
spayed occurs in all six groups, and thus the causal connection 
.between the greater size of the thymus and removal ot pvmries 
is clearly shown. The range of increase^ 34,2 per jcen^to 75.8 
per cent, was higher than might be anticipated on accoupt ol 
the two groups in which the increase was rather small. , 

Hypophysis. The hypopTiysis shqws a distinct iScrease pi 
8.9 per cent in the spayed rats. This incre^e ranges 
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seveml groups from 0,3 per cent to 21.6 per cent. However, 
it pemirs m aU th^ and furthermore it has been noted in 
my pjjpvious study (Hatai 13). It is intferesting to observe 
that in general the increase of the hypophysis is negatively 
correlated with gain m body weight. 

Central nervom system 

Brain weight. The relative brain weight of the spayed rats 
is slightl]^ heavier than that of the controls. On the average 
the difference is 1.3 per cent, and it occurs in five out of six 
poups. The otlier two studies on spayed rats, to be presented 
laiter^ give in one study similar values, and a decrease in* the 
other. These irregularities suggest that the increase recorded 
in the present series should be regarded ^as a fluctuation. 

Li my previous study (Hatai 13) the spayed rats showed a 
decrease of 0.4 per cent in the weight of the brain. This dis- 
agreement between the results of two successive years supports 
the view that we are here dealing with a fluctuation only. 

Spinal cord weight ' The spinal cord of the spayed rats shows 
a still greater relative increase than does the brain. On the 
average, the spayed shows 2.5 per cent increase, and furthermore 
this occurs in five out of the six groups. A slight increase in 
the spinal cord weight has also been observed in a previous 
"study (Hatai 13) and in view of the fact that the increase occurs 
in aU operated animals (see all the experiments reported in this 
paper) we are hardly justified in regarding j^as a mere fluctuation, 
though at the same time there does not seem to be any reason 
tp expect this increase. I shall therefore leave this point without 
attempting any interpretation at the present time. 

Percentage content of water in the central nervous system. The 
amount of water present, in both the brain and spinal cord is 
not altered by the removal of the ovaries. We no^e from table 
7 6nly an insignificant difference between the control and spayed 
rats. Tips result agrees fully with that of the two previous 
studies and we may conclude therefore that the water content 
of the lieiVous system remains unmodified. In addition I have 
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studied two other series rep^sented by the albino, rats spayed 
at more advanced ages: (1) Spayed at 97 to 119 days and (2) 
spayed at 172 to 195 days of age. 

AFTER SPAYING AT 97 TO 119 DAYS OF AGE 

This series comprises five litters containing 9 c 9 ntroIs and 
8 spayed. These rats were examined 100 days after spaying. 
The results of the operation are shown in table 8. We find in 
this series a general agreement with the previous resists. 

Body length. The absolute value of the body length of the 
spayed is slightly greater than that of the controls. This agrees 
with the previous observation. 

Tail length. , The relative tail length of the spayed is slightly 
shorter (1.5 per cent) as against the slight increase in the pre- 
vious series. This disagreement suggests that the variations in 
tail length are merely fluctuations. 

Body weight. The body weight of the spayed rats shows a 
slight relative increase and thus agrees with the previous obser- 
vations. 

Thyroid gland. .The thyroid of the spayed shows 50.6 per 
cent decrease as against 3,3 per cent increase in the previous 
series. This disagreement indicates that the variations shown 
by this organ are probably fluctuations or dependent on con- 
ditions not yet recognized. 

Thymus gland. We note 39.6 per cent increase in the spayed. 
This result agrees with the previous observations. 

Hypophysis. The hypophysis of the spayed shows 7.8 per 
cent increase. The results agree with the previous observations. ‘ 

Brain weight. As before, there is no difference in the weight 
of the brain between the controls and the spayed. • 

Spinal cord iceight. There is a very slight increase of 1.5 
per cent in the weight of the spinal cord of the spayed. This agree# 
with the previous observations. 

The percentage of water in the central nervous systena shows no 
significant variations. 
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t 'U .. 

This series comprises three litters contaioing 9 controls and 
7 spayed i^ts. The rats were examin^ 27 to 60 days after 
operation. The insults are shown in table 9. This ^ries shows 
alterations essentially similar to those found in the two pre- 
ceding series, and therefore a detailed description may be omitted. 

We note with special interest the reaction shown by the thy- 
mus gland after spaying. It has been stated already that, the 
thymus gland at 200 days is nearly 44 per cent less than at the 
maximum stage (at 85 days). Thus even in this advanced 
stage of involution the thymus gland responds to spaying and 
shows an average increase of 27.5 per cent. In one case, group 
14, the increase is as high as 60.8 per cent, or almost as great as 
in the rats operated at 19 to 30 days. All the other characters 
show the alterations we should expect from the two preceding 
series. 

Parts of the encephalon 

The parts of the encephalon of the spayed rats have been ex- 
amined to see whether or not any differences in the relative * 
weights between the spayed and controls can detected. The 
methods of dissecting the brain, as well as of grouping the rats, 
were the same as used in the case of castration. The results 
of the investigation are given in table 10. As will be seen from 
the table, there is no significant difference in the relative weight 
of the parts of the brain - in the spayed and in the controls. If 
we examine the different groups we note some tendency to 
relatively . small olfactory bulbs in. the spayed. The difference, 
however, is too slight to be regarded as of Value. We conclude 
therefore that removal of the ovaries has no marked effect on the . 
relative weights of tlfe parts of the encephalon. 

Weights and lengtKs of certain hones 

The weights and length of the bones of the spayed, together 
^hith those from the controls, were investigated. The technique. 

and bones examined were tK same as in the case of the 
titrated rats. The results* of the investigation are given in 
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table 11. From the fin^ a\%age given in the table we find the 
following relations : 


BODY LENGTH TO AV. 

BODY WEIGHT TO 

WJLTEH CONTKIfT IN 

BONE LENGTH . 

BONE WEIGHT 

P£B CENT 

Controls. ' 1:0.146 

1:0.0134 

23.44 

Spayed i 1:0.148 

1:0.0138 

25.35 


From the above it appears that the differences in the relative 
values between the controls and the spayed are very" slight. 
Nevertheless, we note as in the case of the castrates, that the 
spayed give a slightly higher value in the case of the bcftie length; 
In the case of the bone weight, the spayed rats give a less value. 
In this instance the weight relation is *due to the abnormal fat 
deposition which follows spaying.’ According to the formula, 
a body length of 188 mm. (that of the spayed) should give a 
body weight of 170 grams, while the observed body weight of 
the spayed is 180.1 grams, thus showing a difference of more 
than 9 per cent. If therefore we take a corrected body weight 
of 170 instead of 186.1 grams, the ratio between the bodyand^ 
bone weight becomes 1:0.140, or the spayed have a slightly 
heavier relative bone weight than that of the controls. 

, The water content is distinctly greater in the spayed, thus 
agreeing with what was found for the castrates. We conclude 
then that gonadectomy in the rat tends to give rise to very 
slightly longer and heavier bones, which in turn have a higher 
water content than those of the controls. 

SEMI-CASTRATION OF THE ALBINO RAT 
AFTER SEMI-CASTRATION AT 17 TO 27 DAYS OF AGE 

This series comprises 15 litters containing 22 controls and 24 
semi-castrated rats. These 15 litters were placed in five gro^s 
according k> the method previously employed. The resmts 
are given in table 12. 

Body length. The semi-castrated rats did not grow in length 
as much as the controls. In%iis respect the semi-castrated are 
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similarHo the castrates. On the average we, find that the semi- 
castrated give a body length of 209 mm. against 217 mm. Ifor 
the controls; a differentce of 3.7 per cent in favor of the controls. 
This, relation is true not only on the average, but appears also 
in four out of the five groups. In view of these uniform results, 
we draw the tentative conclusion that semi-castration hinders 
slightly the normal growth of the body in length. 

Tail length. In four out of five groups the tail length of the 
semi-castrated is greater than that of the controls. - On the aver- 
age, the difference is 1.9 per cent in favor of the semi-castrated. 
It is evident that the amount of increase is hardly one third of 
that given by the castrates, and further the fluctuation is much 
greater than that of the castrates. Moreover, since we find a 
decrease in the relative length of the tail in the semi-castrates 
given in the next series, we conclude that the differences repre- 
sent mere fluctuation, and that the length of the tail is not modi- 
.fied by semi-castration. 

Body weight. The relative body weight is slightly greater in 
Xhe semi-castrated than in the controls. We find on the average 
a difference of 1.9 per cent. in favor of the semi-castrated. The 
increase is shown in five out of six groups, and further the range 
of variation is not large. This seems to be an instance of ^ 
slight tendency to an increase of the body weight as the result 
of the operation. 

Testes. The surviving testis of the semi-castrate shows a 
distinct and uniform increase in weight over that of .the normal 
control testes. The increase is on the average 14.2 per cent. 
This is also shown in all l^he groups and ranges from G.l per 
cent to 23. S per cent. It is important to decide whether this 
increase is represented by the germinal tissue or by the inter- 
stitial tissue, or by both. It is generally held that the structure 
w^h is responsible for the internal secretion of the testis is the 
interstitial and not the germinal tissue. If this be Irue, and if 
we assume that the increase in this instance is represented by the 
interstitial tissue alone, then tlm percentage increase of the 
latter stnicture will be considerably larger than that indicated 
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by the values giver^ here. We shall take up this subject later on. 
utilizing Hofmeister^s observations (72) on tjie interstitial tissue 
* of the J^unian testes. 

Ductless glands 

Thyroid gland. The thyroid gland of the semi-castrated, ^ows 
an average increase of 16.4 per cent above ^e control^ Here' 
again, as in the previous observations on the thyroid, the range 
of variation is very great, being frdtoi - 37.3 per cent to 41.0 per 
cent, and furthermore in the rats semi-castrated at 81 da^s, and 
which will be described later, the thyroid shpws 29.01 per cent 
decrease instead of an increase. It is not. therefore possible 
at the moment to correlate the changes in the thyroid with this 
operation 

Suprarenal glands. The relative weight of the suprarenal 
glands shows a slight alteration in the semi-castrated, giving an 
average increase of 2.7 per cent in their favor. This low value 
is due to an exceptionally small response given by group 5 ( - 0.9 
per cent). If we neglect this exceptional cjse, the average. rises^ 
to 3.5 per cent. The increase in the semi-castrated is shown in 
four out of five groups, and further the range of variation is not 
so large, particularly if we neglect the very small value given by 
group 5. Nevertheless, the increase is too slight to warrant us 
in putting much weight upon it. However, some tendency to 
an increase as the result of semi-castrati^ can not be denied. 

Thymus gland. Cmioualy enough, the thymus gland of the 
semi-castrated rats shows an average decrease of 16.1 per cent. 
The decrease occurs not only in th^ final average, but also in 
four out of the five groups. The range of variation is not large 
in comparison with the variations of the thymus glands belong- 
ing in other series. It ranges from -*12.8 per cent to — 30.0 per 
’ cent against the semi-castrated. On the other hand, we fin<Mn 
the rats seifti-castrated at 81 days 9.8 per cent increase of me 
thymus — the exact opposite — and thus the int^fpretation is 
at present impossible. This is the only instance in all the experi- 
ments recorded in the present paper m which a deci^ase of the 
thymus gland as the result of the offtration has been foiSid. 
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Hypophysis. The hypophysis shows an, average increase of 
10.1 per cent as the result of semi-castration. The range of 
variation is ^^t and lies between 0,5 per cent to 29.§‘per cent. 
f^DM-castration at 81 days shows 0.25 per cent decrease, equiva- 
lent to no change (see table 13). In view of this high variability 
of feaction all we can note is a tendency to overgrowth of the 
hjporitysis as one result of this operation. 

Central nervous system 

Braftt weight We find that the weights of the brain in the 
controls and semi-castrated do not show any significant difference. 
The. average value gives - 0.5 per cent against the operated rats. 
There is perhaps a very slight tendency to reduction in the brain 
weight pf the semi-castrated, as it occurs in four out of the five 
groups. However, the difference is in many cases less than one 
per cent and we thus conclude that semi-castration produces no 
important alteration in the weight of the brain. 

Spinal cord weight The spinal cord of the semi-castrated 
rats with respect to. the body length is slightly but constantly 
larger than that of Th% control rats. Its increase is shown in 
all five groups and the final average shows 2.2 per cent in favor 
of the semi-castrated. This agrees with the results of all the 
experiments so far presented. 

Percentage of water in the central nervous system. In this char- 
acter the difference between the operated and control rats is 
very smalh We therefore conclude that the proportion of water 
which is present in the central nervous system is not altered 
by semi-castration. 

AFTER SEMI-CASTRATION AT 81 DAYS OF AGE 

The number of rats comprised in this series is rather small 
controls and 5 semi-castrated) but the results show a close 
agreement with those, rats from which one testis was removed 
at 17 to 27 days. The data are presented in table 13. It is 
only necessary to point out in this series also that the surviving 
testis^ shows a typical increase in size. The increase is l5.1 
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per cent contrasted , witli 14.2 per cent for the previous series: 
The alterations shown by the other characters- , are similar to 
those found in the series operated at an earlier age, and therefore 
we conclude that the effects of semi-castration at 81 daySfare 
nearly the same as those found when the operation is made at 
17 to 27 days, with the exception of the h3^ophysis, in which 
the rats operated at the earlier period show a slight e^ess. 

Paris of the encephalon 

The parts of the. encephalon of the semi-castrated ra'tS have 
been investigated. The technique and method of grouping are 
the same as before (see page 10.) The rats employed for this 
study were those semi-castrated at 17 to 27 days with their 
controls. The results are given in table 14^. As will be seen 
from the table, there is no significant difference in the relative 
weights of the parts of the encephalon in the control and the 
semi-castrated. We therefore conclude that the relative weights 
of the different parts of the encephalon are not modified by this 
operation. 

THE LIGATION OF THE SPERMATIC CORD 

* Since the removal of the testes produces striking modifications 
in the external characters, as well as in some organs, and since 
the removal of one testis alone does not produce any noticeable 
alterations, presumably owing to the compensatory growth of 
the interstitial tissues of the surviving testis, it was thought 
interesting to determine the effect of ligation of the spermatic 
cord, an operation which interrupts not only the vas deferens 
but also the accompanying vessels and -nerves. Although 
this operation leaves the testes in place, not only may 
their growth be stopped, but they may undergo various atro- 
phies or degenerative changes as a consequence of it. The 
operation was made on a small number of rats; 6 operated and 
6 controls. The results are shown in table 15. The operated 
animals were allowed to live a little more than three months. 
Examination of results reveals the fact that we must tre%t the 
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data in two groups: Group 1 comprises those operated rats 
whose testes, though t3^ical in form, are yet small, pale in color, 
semi-transparent aifl filled with an abundance of liquid. Thus 
group 1 shows an abnormal condition of the testes, though 
their form was normal. Group 2 comprises those operated rats 
whose testes have been nearly completely absorbed. 

Grouj^ l. In this group the testes of the operated rats show a 
decrea^ of 31.6 per cent, nevertheless the typical form was still 
maintained. Although no histological examinations have as yet 
been made, it appeared to me that the germinal tissues were 
probably completely absorbed, or at least altered beyond* recog- 
nition. As will be seen from table 15, tlie characters usually 
affected by castration were not noticeably modified. This 
negative result suggests that the interstitial cells of the testes 
were very likely intact or might even have proliferated. 

Group 2. On the other hand, in those operated rats whose 
testes have been nearly completely absorbed (—93.2 per cent) 
alterations characteristic of the castrated rats are plainly to be 
observed. A slightly longer tail, larger , suprarenal glands,, 
thymus and hypophysis, definitely supports this conclusion. 
We conclude, therefore, that ligation of the spennatic cord is 
similar to castration in the reactions which it causes, if the tested 
are absorbed, but its reaction is negative if the testes persist* 
even though they may be materially reduced in size. Under 
these conditions it is inferred that the germinal tissue has been 
destroyed, while the interstitial tissue remains either in its 
normal quantity or possibly is hypertrophied. 

SEMI-SPAYING OF THE ALBINO RAT 
AFTER SEMI-SPAYING AT 38 TO 51 DAYS OF AGE 

This Experiment comprises a rather small number of rats, and 
the discussion of the effects of the operation will bo limited to 
those characters only which showed undoubted alterations. The 
agreement in the results betweeen the present series and that 
previously studied (Hatai 13) is clear. The results are shown 
in table 16. 
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In -general, we may say that the semi-spayed show* no signifi- 
cant response except in the increased weight of ^ the surviving 
ovary. The large difference shown by th^hyroid gland ip&t 
for the present be credited to its high variability. The . sli^t 
increase of the other ductless glands may be considered a general 
reaction common to all operated rats. On the other hand, thi 
weight of the surviving ovary is most striking, . showing an 
average increase of 131.8 per cent. Thus the ^e ovaty of the 
semi-spayed weighs more thaiU twice the normal ovary. In my 
previous experiment the increase of the surviving ovary was 
found .to be 73.1 per cent; the present experiment 4hus g^es 
the greater increase. No explanation for the amount of increase 
in the surviving ovary can be given at the moment, and we must' 
be content to call attention merely to the striking character 
of .the reaction. 

The lengths and weights of the long boneSj together with their water 
content^ after semi^paying 

The weights and lengths of these bonesf together with their 
content of water have been investigated.* 'The technique used 
js the same as that employed in the preceding cases. The 
results are given in table 17. From the final averages in the 
table we obtain the following relations: • 



' BODY LENGTH TO AV. i 
BONE LENGTH ' 

BODY WEIGHT TO 
BONK WEIGET 

■ 1 

WATER CONTEST IN 
PER CENT 

Controls 

1:0 140 

l:0.0r41 

26.985 

Sfimi-spayed . 

1:0.140 

1:0.0128 

1 

26.977^ 



From the above we find that the relation of the body length to^ 
the bone length is identical in the operated and controls. The' 
ratio of the body weight to the bone weight is distinctly lower 
in the semi-spayed rats. This is undoubtedly due to the emacia- 
tion of the body weight of the control rats, as can be seen from 
the relation given by the length and weight of the body, ' Thus 
if we take the ratio between body length and bone wei^t, 'we 
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1:9.0126 in the case of the control and 1:0.01^5 in the 
15^ of the semi-spayed. It is therefore safe -to conclude that* as 
wmpared with tMfe controls, semi-spaying does not mcxlify 
the bones either in weight or in length with respect to the weight 
and l^th of the body. We note also the practical identity in 
‘the water content of the bones in semi-spayed and controls. , 

THE ISOLATION OF THE OVARIES 

, Since the complete removal of the ovaries alters seriously ^ 
ifevefal bodily characters and organs, and since semi-spaying 
does not produce any noticeable alterations, owing probably to 
the compensatory growth of the surviving ovary, it was thought 
interesting to determine the effect of the removal of the one ovary, 
combined with a severance of the other ovary from the uterus. 
This experiment has been made with a small number of rats and 
the results are shown in table 18. ' 

As will be seen from this table, the result of the operation is 
not materially different from the case of the semi-spaying. No 
significant alterations are produced in any characters except 
the weight of the ovaries/ We find here an average increase of 
51.3 per cent in the surviving ovary. The amount of increase 
is not so large as in the case of the semi-spayed just describe^. 
The smaller alteration is to be expected, as of course the ovary 
is in the first instance severed from its normal connections, — 
blood supply, etc., and thus subjected to unfavorable conditions.. 
In some instances the ovary was enclosed in a capsule contain- 
ing fluid, and these cases showed unmistakable signs of absorp- 
tion,, tile co)or was pale and the lobulation wanting. 

DOUBLE ISOLATION OF THE OVARIES 

^ From the results just described, we should anticipate that the 
isolation of both ovaries from the uterus would not be followed 
by any marked alterations. It was thought best, however, to 
test this assumption and therefore the following short experi- 
ment has been.made. The results are given in table 19. 
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• As had' been anticipated, no notable alterations were shown 
as the result of the isolation of both ovaries. The responses 
exhibited by the various characters are veif^ small, and parti- 
cularly when we consider the small number of rats in the series, 
these modifications can all be neglected. Wq however note 
with some interest a slight increase of the ovaries (14.0 per cent) 
in the operated rats, but whether this increase is a consequence 
of the operation or a mere fluctuation, cannot be decided without 
more evidence. 

GENERAL DISCUSSION OF THE RESULTS OF GONADECTOMY 

So far I have merely presented my results without either . 
interpretation or comment, save in the case of the extenial 
characters. I wish now to discuss these results and if possible 
to interpret the alterations following gonadectomy. 

For convenience I give in table 20 the percentage deviations 
of the various characters in the operated rats from those in the 
controls. The external characters, such as absolute body length 
and body weight, and also body weight and tail length relative 
to body length have been briefly considered in the case of each 
series, and appear to be particularly related to changes in the 
hypophysis. It is especially with the members of the endocrene 
system, so far as we have examined them, that we are at present, 
concerned. 

. Thyroid gland. On the average the amount of deviation in 
the weight of the thyroid gland of the operated from that of the ' 
controls ranges from 34 per cent to —51 per cent (see table 20). 
On account this high variability, as well as the absence of xmi- 
formity of response to the same operation, no definite conclusions 
can be drawn from our results touching the effect of gonadectomy 
on it. Turning to the literature, we find that Tandler and 
Grosz (’13) oJ)served constantly a small thyroid gland in eunuchs. 
6iedl (13) mentions finding a small thyroid in one castrated 3og. 
Soli (’09) found a considerable variation in the weight of the 
thyroid in capons. Out of the nine pairs which he examined, 
four showed an increase and five a decrease in the castrated 
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compared with the controls. Soli however found a constant 
increase in the weight of the thyroid dn the castrated rabbits 
(numbers are not given) when examined three months after 
castration^ but this in turn was followed by a decrease, so that 
at the end of the experiment the castrated rabbits had smaller 
thyroids than the controls. Engelliorn ('12), on the other hand, 
found an hypertrophy of the thyroid after spaying in women and 
in rabbits. Thus, so far as the previous investigations are 
concerned, the effect of gonadectomy on the size of the thyroid 
is not determined. 

In view of the great variability of the thyroid in weight in 
both men and animals, and in view of the small number of ani- 
mals used by most investigators and the almost complete ab- 
sence of data for the normal animal, as well as the inconstancy 
of our own results on the albino rat, we conclude that no general 
statement as to the effect of gonadectomy on the thyroid is justi- 
fied at present. 

The th 3 ^oid gland of the albino rat presents, however, several 
interesting features worthy of remark. I have determined 
(Hatai '13a) that the hypophysis and the suprarenals of the 
albino rat show distinct sexual differences in their weights. The 
thyroid gland, however, does not show any sex difference in weight. 
Moreover, for any given body weight, the weight of the thyroid 
is practically identical in the (domesticated) albinos and (the. 
wild) norway r at i Uj ^ hile the other ductless glands show distinct 
weight differences in these two forms.- Thus in the albino the 
thyroid glands shows no response to the changes in the surround- 
ings (domestication) nor variations according to the sex similar 
to some other ductless glands. 

Whether the thyroid of the rat is physiologically less important 
than some of the other ductless glands cannot be decided from 
such simple observations, nevertheless it is of interest to note 
that the ill effects of thyroidectomy in the rat are^remarkably 
slight (see Vincent T2). One might suspect that the high 
variability of the thyroid gland was due in part to pregnancy 
in the females. I have examined my data with this idea in mind, 
but have failed to find any correlation between pregnancy and 



28 SHINKISHI'HATAI 

th^oid weight. As a matter of fact, the variability of Ihe gland 
is as Ipge in the males a^h the females. , 

Su'prarenal glands. The effects of gonadectomy on the size 
of the suprarenal glands have been studied by several investi- 
gators. Feodossiew (’06) found an enlargement of the 
nals in spayed dogs. Von Schenk (TO) foun^istblogical ( 
dence of h 3 T)erfunction of the gland in spayed rabbits, TEte 
further noted an enlargement of the gland as indicated by the 
fact that the areas of, the sections in the operated are greater " 
than those of the controls. Von Schenk, however, did not record 
any weights. Marrassini and Luciani (Tl) noted, in spayqtf 
guinea-pigs and rabbits an enlargement of the suprarenals. “ , 

As the result of castration, Soli (’09) found a diminution of 
the suprarenals in the chicks, and in guinea-pigs and rabbits. 
In the latter however the suprarenals soon after op^ation showed 
a very slight increase which was followed by a distinct diminution'^ 
in a latter stage. Marassini and Luciani (Tl) on the other hand 
Found a considerable increase in castrated rabbits and in guinea- 
pigs when compared with their respective controls. Stilling 
(’98) found an enlargement of adrenals in male rabbits during ^ 
the breeding season. Kolmer (’10) who studied the histology • 
of the suprarenal glands of guinea-pigs, stows clearly an inti- 
mate relation between the sex glands and the suprarenals. He 
.states that there e^ist definite cyclical changes of the suprarens^ 
following corresponding changes of the sex glands in functional 
activity. 

It is evident from this that the suprarenal glands are.mtimately 
related to the sex glands, both in males and in females. My own 
investigations also show clearly such relations between the two 
sets of glands in the rats; i.e., the suprarenal glands exhibit 
characteristic alterations after gonadectomy. It has beeh found 
that the suprarenal glands of the castrated rats exhibit an in- 
crease of 8.5 per cent to 17.6 per cent on the average, while those 
of the spayed rats show a decrease of 5.3 per cent to 25.0 per 
cent compared with their respective controls. These variations 
in the reaction in the two sexes very regular and occur in 
all.series and in most groups in each series. Why t^e suprai^nal^ 
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respond differeniiy in two sex§s as the result of gonadectoBoy 
cann(^ be explained at present, and we therefore merely note 
thia singular pheijomenon. There are no other corresponding 
^ oibservations on rats in the literature, so that our results must be 
’ cfl^ared wth those obtained from other animals. * 

interesting to note, as previously stated, that Soli .( 09) 
riccakia a reduction of the suprarenals as the result of castration, 
Marrassini and Luciani (Tl) using the same species of 
ammals, noted an increase.- These diametrically opposed results 
may mean that the individual variation of the suprarenals is 
greater than that produced by castration, or that the suprarenals 
may not respond sinoilarly at different seasons, or in the presence 
of different diets. As mll.be seen later, these investigators 
obtained after castration opposite results for the size of the 
.hypophysis also. We must therefore await the results of further 
experiments with a much larger number of animals belonging 
to the species studied, maintained under very definite nutritive 
conditionsj before endeavoring to reach a conclusion. 

In tips connection it is important to point out once more 
IShat the size of the suprarenal glands in rats differs strikingly 
according to sex (Hatai ’13). The female rats have considerably 
l^ger glands than the males. This sexual difference is evident 
prior to sexual maturity. Gonadectomy in the male increased 
ihe. weight of the suprarenals at the same time that gonadectomy 
in the female reduces the weight, thus bringing the two sexes 
nearer together in^this character. Moreover, we notice in several 
other instances ^ter gonadectomy, the similar phenomenon of 
the approach Of characters which are differently modified in the 
normal rat according to sex. The weights of the suprarenals 
are not^ltered fo any noticeable extent by partial gonadectomy, 
either in the males or the females. 

Thymus. The effect of gonadectomy on the size of the thymus 
lias been studied by numerous investigators. Caizolari (,’98) 
found the thymus in the castrated rabbits strikingly enlarged. 
He considers that the normal atrophy of the thymus is delayed 
by the removal of the testes. Henderson (’04) obtained similar 
^ re^ts in rabbits, guinea-pigs and cattle. Goodall (’04) not^ 
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also an enlar^d thymus in# castrated guinea-pigs. Hammer' 
('05) and Tandler and Grosz ('07) found the thymus enlarged 
in eunuchs. Further, Soli found the same ('09) in chicks and 
.rabbits; Marrassini (’10) in chickens, and Gellin ('10) in both 
sexes of rabbits obtained similar results. Still o!her investi- 
gators have noted the hypertrophy of the thymus after gonadec- 
tomy and their papers are cited in the works of Biedl ('13) and 
of Vincent ('12), to which the reader is referred. 

It is clear, therefore, that all the investigators agree that gon- 
adectomy increases the size of the thymus in both sexes. As 
can be seen from table (20), my own investigations on albinb 
rats are in full accord with this result. The weight of the thymus 
after gonadectomy is almost twice that in the control rats, and 
furthermore the enlargement occurs in all the series with the 
exception of the semi-castration series at 17-27 days in which 
series the reaction is anomalous. We further note that gonadec- 
tomy in young animals not only enlarges the thymus and delays 
its normal involutionary process, but that the gland responds 
even after it has atrophied to a considerable extent. The experi- 
ments upon the rats whose ages were about 200 days show this 
clearly (pp. 9 and 17). Although we have not examined histo- 
logically the normal thymus at 200 days, nevertheless its gross 
appearance shows that much of the mass is represented by 
connective tissue. *.Yet even in such a highly atrophic stage, 
the thymus can respond nearly as well as when gonadectomy 
has been performed at a fnuch earlier age. 

Hypophysis. The .alterations in the size ot the hypophysis 
following gonadectomy have been much studied and we are there- 
fore in a position to discuss these alterations somewhat fully. 

Fichera ('05) has shown that the removal of the testes on fow_ 
and cattle enlarges the hypophysis. He also has shown that 
spaying produces similar enlargement of the hypophysis in rabbits 
and . guinea-pigs. Fichera considers this hypertrophy, of the 
hypophysis as a physiological compensation, supplementing 
the loss of the sex glands. Fichera’s observations were confirmed 
by numerous investigators using not only the same species, but 
.. also several other kinds of animals. We shall cite only a few of 
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the investigators whose work se^ns most closely related to ou^ 
own, and for the full bibliography refer the reader to the works 
of Biedl (13) and Vincent (12). Enlargement of the hypophysis 
has been reported by Parhon and Goldstein ('05) in spayed rabbits 
and dogs; ty Cimoroni ('08) in castrated rabbits and dogs; 
by Kon ('09) and by Tandler and Grosz ('10) in both men and 
women; by Hatai ('12) in castrated rats; by Zacherl (cited by 
Biedl '13) in both male and female rats; and by Soli (’09) in 
castrated fowls and rabbits. Livingston (14) finds an enlarged 
hypophysis in spayed rabbits, but not in castrated. Lastly, 
this present experiment gives again an instance of enlarged 
hypophysis in the male albino rat after castration (table 2, 3 and 
4) while spaying also is followed by an increase, which, however, 
is only slight.- 

At the same time, there is an almost equally numerous group 
of investigators who have not found an enlargement of the 
hypophysis after gonadectonjy. For instance, Pirsche (’02) 
did not obtain any enlargement of the hyiiophysis from castrated 
guinea-pigs, but at the same time he found a noticeable increase, 
in the body weight. At autopsy he did not notice any unusual 
deposition of fat. Barnabo (’OS) failed to find an enlargement 
of the hypophysis in castrated albino rats, though he found an 
enlargement in a rat, one testis of which had been removed and 
the vas deferens of the other testis ligated. Marrassini and 
Luciani, (’ll) using fowls, cattle, guinea-pigs and rabbits (the 
kinds of animals used by Fichera) failed to notice an hypertrophy 
of hypophysis, though they noted the enlarged suprarenal glands. 
Hatai ('13) noticed in the spayed albino rats an increase of the 
hypophysis which ivas small as compared with that following cas- 
tration. Livingston (’14) in a large number of rabbits failed to 
find an enlargement of the hypophysis in the castrated males, but 
noted an overgrowth of the body in weight. In the spayed female 
rabbits, however, Livingston found a noticeable degaee of hyper- 
trophy of the hypophysis, but failed to obtain an overgrowth 
in body weight. Lastly, my own present experiment fully con- 
firms the findings of the previous experiment: that is, in the cas- 
trated rats the hypophysis enlarges very strikingly, while -the 
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growth of the body is nearly njjpnal. On the other hand, in the 
spayed rats the hypophysis shows only an insignificant increase, 
but this is accompanied by greater growth, both in body weight 
and in body length. ^ ' 

I have mentioned already the experiments of BaAabo and of 
Zacherl, both of whom used albino rats. Since my own obser- 
yations are based entirely on gonadectomized albino rats, and 
since the foregoing is the only work with which oiir^own can be 
directly compared, it will be worth while to review in some detail 
the results obtained by these two investigators. 

Barnabo^s (’08) experiments were as follows: 

Series 1. Bilateral’ section of vas deferens. This series com- 
prises three rats. 

Series 2. Section of vas^deferCns on one side and castration 
on other. This series comprises two rats. 

Series 3. Bilateral castration. This series comprises three 
rats. 

' Barnabo’s operations were performed on sexually mature 
rats (112 grams in average body weight) and the period between 
operation and death was on the average 76 days. As long as 
we have made no experiments corresponding to Barnabo’s 
Series 1 and 2, we shall pa^s them by a;nd consider only the results 
Obtained from his Series 3. There we find the average weight 
of the hypophysis as reported by him was 0.015 grams inrats 
with a final body weight of 151 grams. Barnabo concludes that 
the weight of the hypophysis is not altered as the result of 
castration. No data are given regarding the control rats, and it is 
merely stated “Per altro controllo mi sono poi servito di animali 
normal!. ” However, according to our formula (Hatsd, T3)^^ 
the weight of the hypophysis given by Barnabo is ahnost 150 
per cent heavier than it ought to be for the body weight given. 
,For this peculiar result no satisfactory explanation can be given, 
but I ventme to suggest that it is just po^ible that Barnabo 
did not realize the existence of the striking sex difference in ihe 
weight of the hypophysis, and by an oversight compared the 
weight of the hypophysis in thefcastrated rats with that in normal 
females, in which case but slight difference, might appear, as at 
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this period the weight pf the hypophysis in the female ts more 
than twicff that in the male (Hatai ’13). In any case, the number 
of rats used by Bamabo is certainly too small to furnish the basis 
for any definite conclusion. 

Concemiri^ Zacherl’s work, we have too little information for 
criticism. The following is Biedl’s (’13) statement concerning 
Zacherl’s work: “Bei Ratten tritt nach der Kastration, wie aus 
den Versuchen, welche Dr. Zacherl in unserem Institute ausge- 
fiihrt hat, hervorgeht, konstant eine Volumzunahme der Hypo- 
physe ein, u. zw. sowohl bei mannlichen, wie bei weiblichen 
Tieren.” Nothing is given regarding the niimber of rats used 
for either control or operation and no numerical data concerning 
the weight ot the hypophysis are given, so that the extent of 
the alteration cannot be determined. 

So far as I am aware, these are all the statements we have re- 
garding the effect of gonadectomy in the albino rat on the weight 
of the hypophysis, and for reasons already given, we must await 
further work before explaining the differences between the results 
of Bamabo on the one hand and those of Zacherl and ourselves 
on the other. 

The brief review of the literature given above reveals the 
fact that the findings as to the effect of gonadectomy on the 
size of the hypophysis are diametrically opposed to each othert 
Probably the contradictory results obtained may be traced to 
one or more of three causes: , 

(1) InsuJfficiency in the number of animals used. 

(2) Variations in the weight of the hypophysis arising from 
confusion of the sexes or from the use of different litters, or still, 
more from the use of different strains of the same race. 

(3X True variations in the response of the hypophysis associated 
with differences in the reponse of the body to gonadectomy. 

The first two suggestions have been discussed in my previous 
paper (Hatai ’13) and I will therefore limit my comments here 
to the third cause named. 

It is highly probable that the hypophysis may not respond 
always in the same manner, but wary in its response according 
to the condition of some other parts of the body. For instance, 
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I have ofteri noted that some ^ayed rat^resented a consid^^li^ 
increase in the weight of the hypophjiis when these animila 
failed to show any ov^growth and obesity. The reaction 
the hypophysis in this instance is similar to that in the castrated' 
rats. Similarly, the castrated rats give a veryslight«br practically 
. no increase jn the weight of the hypophysis, wherf these shpw,; 
as they sometimes do, a marked obesity. In this case the *i^^ 
action of the hypophysis is much the same as that of the typical 
spayed rats. Such instances are not at all infrequent. In 
fact, in the series here described all the female rats whose ovaries 
were removed gave naiuch greatdt increase in the. T^iiight of the 
iiypophysis than those belonging to the previoi|gi series (Halai 
13). The difference in the response in the two ser®s is explained 
by the facl^hat the spayed •rats belonging to the earMer exp^- 
ment (1912* series) showed considerable obesity, while those 
belonging to the present series did not, although the bo^ had 
gained both in weight and in length. It seems therefore jprobable 
that the size of the hypophysis and body changes, especially fat 
deposition, are inversely related. 

The evidence just given suggests that the contradictory 
findings by various observers maybe due in part to these differ- 
ences in response shown by the body as a whole, or by ^ome ' 
H)f the other ductless glands. It is probable therefore that if 
the three conditions mentioned above were carefully regarded 
we might in the fixture obtain more harmonious results. Since 
this suryey indicates that the weight of the hypophysis and of 
the body are reciprocally related, I wish to show how far this 
suggestion may be used to explain some discrepancies already* 
found in the literature. . 

We have noted that Pirsche (^02) found an overgrowth pf the 
body in weight in the castrated guinea pigs, but (^d not find the 
enlargement of the hypophysis. Mrsche^s observation is certainlj^ 
contrary- to the observation of Eicher| (’05) who found an en- 
larged hj^ophysis, ’but possibly the discrepancy fiaay be trdce4 
to the different reactions of the body in weight. Unfortunately 
Fichera does not give us any«information regarding the growth 
, of the body And thus we are unable to test the point in case* 
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However, , Livingston^^ e3g)eriments on rabbits demon- 

rstrate the reci^procal Iblation in the weight of the hypophysfei* 
and the body, and thus it appears probable that different 
* results obtained by others who also used rabbits, may be traced 
to the differences in the response of the b6dy. There seems to 
be analogous variations in the ’case of the other ductless glands. 
Paton ( • 13) gives the fcllowing instance of ‘ a typical response 
of the te^§ after thymectomy in guinea-pigs: 

When studymg the action of testes and thymus on growth, I found 
that one guinea pig in my series^ after removal of the thymus, hardly 
grew at all, although remaining quite well and active. When it died 
at over four months old, it was like an animal about a fortnight old, 
and the testes*Were in size and structure those of an animal of the same 
age. -They had undergone no compensatory hypertrophy, as they 
usually do, and the result had apparently been arrest of*^rowth which 
occurs when thymus and testes are removed together. 

I have shown elsewhere (Hatai T3) that in albino rats the 
hypophysis of the female is more than twice as heavy as that of 
the male. This sexual difference is evident prior to sexual 
maturity. Our present observations show this sexual difference 
to exist ip the norway rats, although it is slight in amount. 
Whether or no a sexual difference exists in other mammals has 
still to be determined. Whatever may be the true function of 
the hj^physis and its relation to the body, we have interesting 
quantitative relations between the size of the hypophysis and 
size of the body. The clinical as well as the experimental evi- 
dence (Cushing ^09, and Vincent T2) shows with a high degree 
of probability that hyposecretion^ of the hypophysis produces 
an abnormal deposit of fat and a tendency to gigantism. Thus 
if a compensatory growth of the hypophysis does hot. follow, 
as is the^ase after spaying, the product of the unaltered gland 
must be employed for two pmrposes, one to replace the ovarian 
hormone', and two, for the normal uses, whatever thpse may be. 
Sp^ng thus 'appeal * overtax the unmodified gland, and 
consequently to produce phenomena similar to those following 
hyposecretion. On the other hand, compensatory hypertrophy 
of the hypophysis in the male albino rats after castration appears 
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to prevent the phenomena of hyposeei^tion, and consequently 
the body changes are absent. The* t^ical cases mentioned, 
above may be interpreted on the same principle^ The results 
of semi-spa 3 dng and of semi-castration in the albino rat gives 
still further evidence in support of the view just presented. 
Partial gonadectomy produces neither . an enlargement of the 
hypophysis, nor abnormal fat -depositicA in the body. This is 
explained by the fact that the remaining sex gland undergoes a 
compensatory hypertrophy, and thus the normal secretory 
function is performed adequately. 

Ovanes, A compensatory hypotrophy of the surviving ovary 
after semi-spa 3 dng has been noted by several investigators. 
Bond C06), Carmichael and Marshall (’08) and Tichera (’10) 
all reported this in semi-spayed rabbits. In my previous paper 
(Hatai '13) I have also shown the compensatory hypertrophy of 
the remaining ovary in the semi-spayed albino rat. The present 
investigation confirms the previous results, and indeed the semi- 
spayed rats of the present series give a surviving ovary of more 
than twice the normal size. This compensatory growth of the 
ovary evidently prevents all body changes after semi-spaying, as 
I have not been able to find any noticeable alterations in the 
other characters examined. I have not made any histolo^cal 
Examination to determine exactly what tissue is responsible for 
this enlargement of the ovary. However it is probable that 
this increase is caused by the overgrowth of the interstitial cells 
rather than of the germinal or follicular cells. This statement 
is based on the results of transplanting ovaries into spayed 
animals. It has been noted by numerous investigators that, 
when the ovaries are thus transplanted all the structures except 
the interstitial cells undergo degenerative changes, yet even when 
so modified, the transplanted ovary is capable of predating the 
typical reactions of ovariotomy. Steinach (’12) demonstrated 
that the interstitial tissue alone is suffijjenji to produce feiqinme 
traits in the castrated albino rats to which the ovariES wei«B 
transplanted. 

Testes. So far as I am aware, an enlargement of the surviv- 
ing testis following semi-castration has not yet been reported. 



GROWTH AS AFFECTED BY GONADECTOMY 37 

Failiure to.observe this response is probably due to the lack of good 
reference data such as%e’ possess in our laboratory records, and 
which are nefessary to reveal such a change. It has been stated 
that the testis of the semi-castrated rat shows an increase of 
14 to 15 per cent. This increase though small, is highly uniform 
and occurs in all the series. 

I have ^own that in*the case of the semi-spayed rats the com- 
pensatory hypertrophy of the surviving ovary is nearly perfect, 
and that probably it is the interstitial tissue which increases. 
Let us see whether the same reaction is possibly occurring in 
the case of the testes. 

Bouin and Ancel (^03 and ^04) have brought evidence to show 
that it is the interstitial cells which are essential for inhibiting 
the characteristic alterations after castration. They removed 
one testis in the rabbit and ligated the vas deferens of the other. 
After ten to twelve months they found a marked hypertrophy 
of the interstitial cells. They found also that some rabbits, 
after hgature of ^ the vas deferens, developed characters which 
follow castration, and th^y believed that this occurred when nerve 
as well as the duct was ligated. Vincent and Coleman (cited by 
Paton 13) found that ligature of the whole spermatic cord, with 
blood vessels, acts in the same way as castration. On ligating 
the spermatic cord in rats, I have found the phenomena simila# 
to those reported by Vincent and Coleman. .When after this 
operation the entire testes, 'including the interstitial celk, de- 
generate, then the animal manifests the castration reaction. 
However, if the testes manage to survive partially, though all 
the genuinal cells are degenerated, the rats do not exhibit the 
castration reaction. From this it seems reasonable to infer 
that the increase of the remaining testis after the removal of the 
other must be due to hyperplasia of the interstitial cells. If 
this inference is correct, the increase of the interstitial* tissue 
though absolutely slight^ in comparison with the entire testes 
(for it is only a small fraction of the normal testes), should be 
relatively large when referred to itself as a standard. Un- 
fortunately we have no data for the rat bearing directly on the 
normal amoimt of interstitial tissue in the testes. There are, 
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hovrever, some observations on man. H<rfmeister ^72);estimat^i 
in the human testes at the foiMh montfe we amount 
stitial tissue to be two-thirds of the whole tes|te. At 
years of age it constitutes only one-tenth of the^gah, Kftt at 
puberty it again increases somewhat. Taking Ht^fmeister's esti- 
mate of one-tenth’ of the whole testis for the interstitial Jfts^e’ as 
applicable to the adult albino rat, we find the foUowi^ in®esi- 
in^ relations: From table 12 it appears that the average weight 
of both testes is 2.329 grams for body length of 217 mm. in the 
control rat, and the weight of the single testis of, the semi-castrated 
is 1.239 grams for a body length of 209 mm. ^ Since the weight^ 
of the testes increases with increasing body length, the weight 
of the testes of the control and of the experimented camnot jt^^^^ 
directly compared until the difference for the body lengths in the 
two forms is adjusted.. When this correction is made according 
to the formula (Hatai T3) we find that the one testis of the con- 
trol is 14 per cent less in weight than the single testis of th^ 
^emi-castrated. We have assumed thAt the am|)unt of the inter- 
stitial tissue is one tenthvof the whole testis, accordingly we find 
the interstitial tissue to be 0.117 grams for the control and 0.124 
grams for the semi-castrated. To this latter value 14 per cent 
of the weight of the single testis of the control ( = ,103) must be 
kdded to give the assumed value of the interstitial tissue of the 
semi-castrated. We thus obtain 0.287 grams, df interstitial 
tissue, for the single testis of the Ifeemi-castrated against 0.117 
grams for one testis or 0,233 for both testes .of the controls. 
Thus if we apply the increase of 14 per cent in the entire test is 
to the interstitial tissue alon^, the increase of this latter amounts 
to over 100 per cent above that of the- control. This r^ult 
depends of course entirely on the correctness of iissumption that 
one-tenth of the whole testes in the albino rats consists of inter- 
stitial . tissue. Although direct proof of this is lackingj the 
assumption* seems to have, some evidence in its favor and none 
against it. Thus the increase of 14 per cent in the testis ffe^at,; 
whole after semi-castration is misleading, for in all prObaM^I 
it really means a doubling in the amount of the interstitial : 
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^ i^poB^ilinost as complete as that shown by the ovary after 

^sentf-qpaji&g. 

Alterations of the bones in weight and in 
jbng^ after gonadectomy have been reported by a number of 
‘^fevetegators. Poncet ('97) reported upon rabbits in which he 
f^ind tliat castration produces stronger and especially longer 
boim PiBSche (^02) found also stronger and longer bones in 
castrated guinea-pigs. Sellheim ('99) found similar phenomena 
in the c^trated dpg." With eunuchs Tasdler and Grosz (13) 
found " constantly longer bones. Without giving any further 
d^dence,> it is safe to say that gonadectomy according to these 
investigators causes an abnormal elongation, and occasionally 
a1}hickenihg of the bones. 

Jn my experiments on albino rats, I have found that the ratio 
b^eeh body weight and bone weight and the ratio between 
^}K)dy length and bone length tend to be slightly higher in the 
gonadectoimzed rats than in the controls. IJie alteration, though 
constanjfc, is certainly very sli^t, and indeed the difference 
between the contfol’ and experimented becomes evident only 
after careful computation. On the other hand, one gets the 
impression that the skeletal changes reported by other investi- 
^tors were so large that they could be detected at a glance. 

Corresponding data on rats obtained by other investigator.4 
are not available for comparison, and thus I am unable to say 
whether the slight alteration of the bones in weight and length 
are to ber^egardqd as typical for the albino rat after gonadectomy. 

, However, the water content of the bones was distinctly higher 
in te gbnadectomized rats. At the present moment the inter- 
pretation of this phenomenon is not clear. In the semi-castrated 
rats, thei^e was no alteration either in length, weight or in the . 
ainomit of water in the bones. 

, ' Jn this connection it may be interesting to note that the tsul 
length of the castrateiis noticeably longer than .that? of the con- 
rat. The difference amounts to 3.2 per cent to 4.7 per 
in the. rats which have been operated on at 19 days and 86^ 
5da^ r^ectively. The rats castrated at 220 days gave a dif- 
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f erence of 1 .8 per cent. On the other hand, the spayed rats do not 
,give this response. To interpret this^response wilt require 
further experiment, but in the mean time the fact of this occur- 
rence is worthy of note. 

Central nervom system 

Gonadectomy is apparently without influence on the central 
nervous system. The proportional weights of the different 
parts of the brain and the percentage of water in the several 
divisions of the system are unmodified, while the slight alter- 
ations in the absolute weights of the brain and spinal cord are, 
by reason of their lack of uniformity, most readily explained as 
fluctuation. This result is one of prime importance from the 
standpoint of our general laboratory problem— the growth of 
the mammalian nervous system — for it shows that after 15 days 
of age, gonadectomy, complete or partial, is without influence 
on the gross structure or fundamental chemical make-up (water 
and solids) of the nervous system. Further, as the behavior 
of the female can be induced in the male by^ the implantation 
of ovarian tissue (Steinach T2) and the characteristic male 
behavior ceases after castration, we obtain good evidence for 
the view already put forward by Steinach that the respective 
gonads are activators of the nervous system according to sex, 
and in addition we now have evidence that this is accomplished 
without recognizable changes in either th^ structure or the 
fundamental make-up of the system. 

Secondary sexual characters 

Recently Steinach (’10, ’12) has made a careful study of these 
in the albino rat and noted modifications in size of the secondary 
sex glands, nipples and bones, the changes in hair and in behavior. 
To the list of modifiable characters whieij. Steinach has given, I 
am able to make the following additions: The hypophysis of 
the normal male rat is considerably smaller than that of the female. 
Castration increases the weight of the hypophysis thus making 
A approach that of the female. The suprarenals of the male 
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iie normaUy smaller than those of the females. Again castration 
increases the male suprarenals. At the same time, spaying 
reduces the suprarenals of the female, thus causing the two sexes 
to approach each other in this character. Further, we have 
found that the tail of the normal male jls definitely shorter than 
that of the normal female. Castration increases the tail length 
of the male — thus approximating the relation in the female. 
Again, the body of the adult female is much smaller both in length 
and weight than that of the adult male. Spaying induces an 
over^owth of the female body both in length and in weight, 
while castration tends to make the male body somewhat less 
than normal, thus bringing the two sexes nearer together. Speak- 
ing very generally, we might say that gonadectomy tends to 
produce the secondary characters found in the opposite sex. ^ 


SUMMARY 

All the experiments were made on albino rats. There were 
five series, representing five different operations: 

1. Total gonadectomy: castration and spaying. 

2. Partial gonadectomy: semi-castration and semi-spaying. 

3. Ligation of spermatic cord. 

4. Repaoval of one ovary, followed by an isolation of the othe|f 
ovary from the uterus. 

5. The isolation of both ovaries from the uterus. 

The following body characters and organs (or some of them) 
were - measured in each series: Body length, body weight, tail 
length, sex glands, thyroid, suprarenals, thymus, hypophysis, 
various long bones and the central nervous system. The main 
results are given under the (^aracters studied. 

(1) Body length. ■ Comparing the operated animais with the 
controls, the absolute body lengths were found to be slightly 
less in all the operated rats except the spayed females in which 
the body lengths were distinctly greater. 

(j^) Tail length. The tail with respect to the body length 
tends to be slightly longer in the castrated males,, but no signi- 
ficant alterations occur in the ofher series. 
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(3) Body weight. The body weight jn respect to body 
is greater in nearly all operated rats, but especially is thw the 
case in the spayed rats. . . ; 

(^) Weight and length of the hones. These characters are 
modified in the semi-spayed rat, but in the castrated as .well as' 
in spayed rats, the bones (femur, tibia and fibula; humerus^ 
radius and ulna) tend to be very slightly longer and heavier 
than in the corresponding controls.* The bones were not ex- 
, amined in the otheif series. The percentage of water in the bones 
is also slightly higher in the operated than in the controls. Ifo 
alteration was noted in the semi-spayed in this respect. 

(5) Cmtral nervous system. No characteristic response can 
be reported for the central nervous system. The difieretw^es 
in total weight after gonadectomy appear to be fluctuaticms 
merely. The different parts of the brain were not modified in 
their relative weights, and the water content of the brain and 
of the spinal cord were the same in both the operated and in the 
controls. 

(6) Sex glands. In the semi-spayed series the compensatory 
growth of the remaining ovary is almost perfect as it attifeis 
nearly twice its normal size. In the case of the semi-castrated 
series tlje remaining testis shows an increase of 14 per cent aS/ft: 
T^hole. If however we assume that the increase is due ^lely to 
hyperpla^a of the interstitial tissue, and further,* if we take 
Hofmeister's estimate of the interstitial tissue as one tenth of 
.the entire testes in the human testes and apply it to the rat, we 
obtain compensatory growth in the interstitial tissue in the sen% 
castrated rat which is almost as great as in the case of thdre^ 
maining ovary of the semi-spayed rat. The isolated ovaries 
survived and grew as if these ha# been connected wi& the 
uterus. In^the case of isolation of the ovary followed by semi- 
spaying, the remaining isolated ovary hypertrophies m the^,^^ 
manner as that of the semi-spayed rat. The ligation >of the 
spermatic cord in certain cases causes a complete atrophy of 
the testes, thus producing the alterations of the body characters 
similar to those which appear in the castrated rats. ■ 
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y) tf^pid gland. On .account of its great variability in 
no definite conclusions can be drawn from the variations 
served in the weight of the' thyroid gland. 

JS) Suprarenal glands. The suprarenal glands show opposite 
betlotis in the two sexes as the result of gonadectomy . In 
B ca^rates, the suprarenals show an increasej and in the spayed 
ts, ^a; decrease. No adequate explanation can be given for 
is rinigular phenomenon. * The suprarenal glands fail to give 
ly re^onse in all the oth^r experiments, except those where 
t spermatic cords were ligated. In these last the suprarenals 
ow reactions similar to those which follow castration in group 
where the testes has been absorbed. 

(9) Thymus, The thymus gland shows a very striking re- 
onse to gonadectomy, though no noticeable alterations were 
and to follow partial gonadectomy. After the former opera- 
)n the thymus increases to almost twice the size which it has 
the control rats. The thymus, seems not only to delay its 
irmal involutionary process but actually to increase in weight 
the result of gonadectomy. Gonadectomy enables the thymus 
old rat to respond, and thus a highly atrophied thymus 
iy become enlarged almost as much as if the operation were 
rformed on young anmals, 

yk^ Hypophysis, Following the removal of the testes, thC 
dght of the hypophysis is increased on the average as. much as 
f per ce^t On the other hand, spaying produced only a slight 
crease (about 8 per cent on the average). This difference in 
action according to sex has been noted in my previous experi- 
ents (1912 series). Ah the other series show an almost insigni- 
ant variation, except the ligation of the spermatic cord which, 
len Mowed by absorption|tf the testis, gives a response similar 
castration. 

(11) Rd(dions of the hypophysis to the growth of gonadectomized 
Is. After removal of the sex glands, it appears that when 
mpensatory growth of the hypophysis occurs, there is no over- 
owth of the body or obesity. On the other hand, both these 
tter responses appear when the enlargement does not occur — as 
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in the spayed rats, for example. In the semi-spayed, as well as 
in the semi-Castrated, neither enlargemenl^f the h3rpophysis nor 
overgrowth and obesity occur, because the enlargement of the 
remaining ovary or testis enables the surviving sex gland to 
furnish the normal amount of gonadine. ■ - 

[12) Secondary sexual characters. The total removal of the 
sex glands tends to increase the resemblance between the two 
sexes, or, in other words, to reduce the differences in those second- 
ary characters which, in the normal animal, are marks of sex. 
Put in another way, we may say with equal truth that gonadec- . 
tomy in a given sex tends to produce the secondary characters 
found in the opposite sex. 
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. . , albino rats after spaying at 19-30 days 

Percentage weight of the parts of the encepna^ ^ a ^ ^ 
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Giving the weight {gms.) and length {mm.) data for the semi-caslrated albino rats compared with those for the controls.. After semi-cas' 

tration at i7-&7 days 
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Giving the weight {gTnsJ) ajhd length (mm.) data for the operated albino rats compared itrith those for the controls. After isolation of one 

ovary and removal of the other at X7 days. 
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EXPERIMENTAL STUDIES OF HYBRIDIZATION 
AMONG DUCKS AND PHEASANTS 

JOHN C. PHILLIPS 

NINE PLATES 

INTRODUCTION 

The following experiments were started in 1909 and 1910 with 
the idea of studying plumage characters in wild species of birds. 
A.1I the following crosses may be regarded as between wild species, 
except the Black East India experiment, the ^freak’ mallard 
experiment, and the albino pheasant experiment. 

In the ducks the mallard has always been used as one of the 
parents. These mallards were all from the same strain as that 
us^ in the size crosses (24). They are a pure strain of English 
mallards, such as are used in English game parks. During the 
years in which this strain has been bred here, about 500 of these 
birds have been reared. No departure from type has been noted 
except two freak ducklings in 1909 (see Treak^ mallard experi- 
ment), and one in 1913. 

Reciprocal duck crosses, were attempted with the mallard as 
male. parent and the black-duck, pintail, and Australian as the 
female parent, but in the small mating pens it was found im- 
possible to induce the females of these latter species to lay. 

It is scarcely necessary to describe the mallard duck. The 
mallard characters dealt with in the following pages are, green 
head, white neck ring, chestnut breast, curly sex feathers in the 
tail, vermiculated abdomen and flanks, and white anterior and 
posterior bars to the purple speculum of the wing. Each 
experiment is described separately in the following pages. 
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PINTAIL MALLARD EXPERIMENT 
A crass between two sexually dimorphic species 

In 1910 two pure wild male pintail ducks (Dafila acuta), 
Nos. 108 and 109, were placed in a‘ mating pen with two female 
mallards, Nos. 141 and 142, from the original mallard stock 
described above (cross R 1910). From this mating a large 
mmber of eggs were gathered, but only seven individuals hatched 
out, of which six were reared to maturity, male 105, and females 
102, 103, 104, 91, and 72. The appearance of hybrids produced 
by this cross has often been described, but will be given in de- 
tail later on. Both males and females are distinctly inter- 
mediate in color, shape, and general carriage, but the females 
of tTie parent species do not differ in any striking peculiarities, 
so that the female hybrids may be disregarded in this account. 

During the years 1911, 1912 and 1913, a number of Fj birds 
were reared from the six Fi ducks of 1910. Only ope mating 
could be made each year on account of having only one Fi male, 
so that the numbers reared are not as large as could be wished. 
The .Fi ducks do not lay freely, at least not m the space, which 
could be accorded to them. In all there are only sixteen F 2 
males. ^ , , 

In 1913 a large number of pure wild male pintail ducks were 
placed in a large pen together with a number of female mallards 
of exactly the same 'stock used in the first cross, (1910). From^ 
this mating about a hundred biyds were reared to maturity and 
forty-six Fi malefe were carefully studied (cross N. 1913). 

The skins ofieleven Fs hybrids and seven Fi hybrids were pre- 
served and notes made on all the other specimens. It may be re- 
marked in passing that there is a very ^striking resemblance be- 
tween Fi and F 2 birds, and, except for one or two characters, there 
does not seem to be any more tendency to variation among F 2 than 
among Fi hybrids. Plates 1 and 2 show males of the parent 
races, and the extreme variations of both generations. As thei’e 
was a greater choice of numbers among the Fi birds (forty-six 
as against sixteen), a tendency to greater variation among the 
F 2 's than is here shown cannot be entirely ruled out, but the Fi 
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material may be considered as ample. In general it must be 
acknowledged that the first generation hybrids seem to have 
rather less of the mallard chestnut breast area than the second 
generation hybrids, but the difference is slight. 

The pintail duck represents a genus of true ducks distinguished 
by their characteristic shape and elongated tails. The head is 
brown and the breast white, the white pointing far up the sides 
of the neck. The bill is lead blue, black on the nail and very 
■ different from the color of the mallard's bill. The mantle and 
flanks are finely vermiculated with gray and black. There is 
a black area on the scapular feathers, and the middle tail feathers 
are very long and thin. The speculum is green, framed in front 
by a brown bar and behind by a white one. 

The typical Fi hybrid may now be described and the variations 
from .this type afterwards indicated (pi. 1, fig. 8; pi. 2, fig. 4), 

Fi male No. 966 (cross N 1913) and type of Fi generation. 
The bill is practically pure pintail in color, being a dull lead- 
blue, black on the nail. In size and shape, however, the bill 
is probably exactly intermediate, as pointed out by Bigelow (1). 
The color of the head is a very dark purplish brown with a metal- 
lic gloss of green, which is much brighter on the post-ocular and 
hinH-neck region. The crown of the head is more brownish and 
directly under the eyes is a small semilunar spot of white. There- 
fore the head color shows both the brilliant green of the mallard 
and the plain brown of the pintail. 

The upper breast has the chestnut area of the mallard, but 
reduced both in extent and in depth of color (pi. 9, fig. 8), and not 
sharply marked off posteriorly, where it fades ou^ into the pure 
white of the abdomen. This condition is exactly half way be- 
tween the white upper breast of the pintail and the chestnut 
breast of the mallard (pi. 9, fig. 3). The chestnut area of the 
hybrid is sharply separated from the dark* colored head by a 
white collar, which is wider than that of the mallard and tends 
to point up on the sides of the neck as in the pintail. The silver 
gray undulated appearance of the flanks and the plain gray 
color of the lower abdomen are absolutely intermcdiale. The 
undw tail coverts are black as in both parent species. The 
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mantle is gray with very fine black vermiculations, halfway 
between the coarser vermiculations of the pintail and the plain 
dark umber brown of the mallard. Th^ rump is veiy dark, 
almost black, as in the mallard, but preserves a few of the lighter 
gray feathers of the pintail. The middle tail feathers have the 
elongation of the pintail and the upcurling of the mallard, but 
both characters in a modified form. 

,The speculum of the wing is very interestmg, being a brilliant 
clear metallic green, nearest to the Veridian green of Ridgeway 
(T2). This is very unlike the purple blue of the mallard or the 
bronzy green to coppery color of the pintail, but more than 
likely it is directly due to an intermediate condition. The rest 
of tj:ie speculum preserves in a slightly modified form the anterior 
brown wing bar of the pintail, while its white posterior wing' bar 
is not so wide as in the pintail, but wider than in the mallard. 
The legs and feet are dull orange yellow, not the brilhant orange 
of the mallard or the grayish black of the pintail. 

I do not agree with Bigelow in finding any pure parental 
characters in the hybrid, with the possible e^^ception of the 
color of the bill, and this is as often as not modified by a spot of 
dull yellow at the base of the culmen. 

The rufous markings of the upper tail (^erts, described in 
Bigelow^s wild specimen, are not always present, and are scarcely 
important enough when present to warrant calling them a new 
character. The description of this hybrid could be made more 
complete, but the most important points have been enumerated. 

The Fi generation males show a measurable amount of varia- 
tion, this variation being greatest in the chestnut breast area 
(pi. 1, figs. 7, 8, 9; pi. 2, figs. 3, 4, 5), in the form of the neckring, 
and in the color of the rump. The first two of these characters 
are ones that tend to vary most in the pure wild mallard and in 
domestic varieties. ‘Also there is a slight range in the vermicu- 
lated appearance of the mantle. The colors of the head, the 
flanks, and the lower abdomen ^re very uniform. When the 
mallard chestnut breast area is much reduced, as in Fj male 
849 (pL 1, fig. 9), there is always a widening of the white collar 
and a tendency for it to point forward along the sides of the neck, 
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as in the pintail. There is always correlation between these 
characters, but this cannot be said of the mantle pattern and the 
nunp color. The bil^ color runs from lead blue to yellowish 
blue, and the legs and feet from dull orange yellow to dull orange. 
The plate shows the total range of variation in the breast and 
neck areas, as seen in the two most divergent of the males. In d' 
849 (pi. 1, fig. 9), the chestnut area is very light colored, the 
feathers tipped with white, and the region fading into the pure 
white of the pintail breast. The white collar is 1.5 cm. wide, 
ventrally, and over 3 cm. wide dorsally. In the other extreme, 
Fi d" 853 or d' 967, the chestnut area is nearly as great in extent 
as in the mallard, though less intense in color, while the collar 
is reduced to about the same size as that of the mallard parent 
(pi. 1, fig. 7). Between these types the other forty-five speci- 
mens show every possible shade and degree. 

Fa generation: On the whole this appears to lean towards the 
pintail parent rather more than the Fi lot. The extreme ])ird 
is Fi d 525 (pi. 1, fig. 11; pi. 2, fig. 7). In this specimen the 
chestnut area is reduced to a slight stain on the sides of the upper 
breast, while the lower parts, except the abdomen, are practically 
pure white. The white nape stripes of the pintail are very highly 
developed, as is the black nuchal area between them, while the 
whole head is much browner in color than that of any other 
specimen in oither generation (this does not show in the plate). 
The mantle is very clearly vermiculated, and the rump light in 
color. The bill was lead blue in life, but with an orange spot 
at the base, while the legs and feet were pale dirty straw color. 
This specimen is certainly a distinct, though slight departure 
from the most extreme variation in the first hybrid generation. 
This specimen was almost duplicated by d 1217 (1913). 

The extreme F 2 variation in the mallard direction is d 530, 
1912 (pi 1, fig. 10), in which the white collar is much reduced, 
and the head rather a brilhant ^reen. It can be said with cer- 
tainty that this bird shows a slightly greener (more mallard) 
head than, any other specimen in either generation. ^ Its bill 
was bluish lead color, and the legs ajid feet a dull orange. This 
bird was closely approached by cT 1218 (1913). 
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It has been noticed that the extreme Fa variates are slightly 
farther removed from each other than are the variates of the first 
generation, although the smaller numbers %f the Fa^s are against 
this result. The differences are very slight and not clear cut. 
Between the two Fa extremes there fall the fourteen other speci- 
mens, the enumeration of which would take too much space. 
The bills of this series run from the pure lead-color type seen in 
many specimens, to a dull greenish yellow in 675 (1912), 
showing on the whole a tendency to a little more range of color 
than the previous generation. The same thing is seen in the 
feet and legs, which run from a dirty straw color to a dull orange. 

The sex feathers in this Fa generation are much longer and 
better developed than in the Fi^s, but this, 1 believe, is entirely 
due to the fact that the Fa^s were allow^ to grow older before^ 
being killed. There is a marked tendency for sex feathers to 
develop late in all mallard hybrids. It is certain that these Fa 
individuals were far less vigorous than the F/s and their plumage 
developed later. In the best developed Fa specimen the ^pin^ 
of the tail is as long as in the pintail parent, but it is curved up 
to about "half a circle, not tightly curled as in the mallard. 

Fi specimens of the 1913 hatch are now alive (February, 
1914), and show tail feathers much longer than individuals 
killed for specimens in November. 

Back--CTOss, wild pintail X pintail 'm allard Fi 9 

This cross was made in 1913, a wild pintail male being mated 
with two of the original Fi females (cross F, 1913). As a r^ult 
three males and six females were reared to maturity (pi. 1, figs. ' 
5 and 6). Two of the males and two females are still alive. On 
casual inspection the plumage of the males appears pure pintail, 
although the shape of the bird is distinctly mallard-like, the 
.neck being short and the body chunky. This shape applies to 
both sexes. More careful inspection shows the head to be darker 
than the pintail, especially in throat and chin, with a slight 
iridescence lacking in the pintail. The black scapular patch 
of the pintail is almost entirely lacking, while the tail feathers' 
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are not plain, but irregularly barred. This last character is 
hard to account for^ as it does not occur in either parent or in 
the first generation hyljrids. Besides this, the upper tail coverts 
have considerably more black externally, extending even into 
the inner web in some cases. On the upper chest is a very faint 
blush of pink, barely noticeable, but Without question the re- 
mains of tfie mallard chest area (pi. 9, fig. 11). The females 
are not easily distinguished from pintails, but they are browner. 

Measurements bear out the observation that the | pintails 
are. chunkier than either pure pintails or Fi hybrids. The 
following measurement, found to be a very uniform one, is the 
distance from the anterior point of the breast bone to the tip of 
the bill (Jour. Exp. Zool., vol. 16, p. 131) neck length: 


Pintail ■ 

d 

32.7 

9 

29.0 

Mallard 

d 

30.5 

9 

26.8 

Fi 

d 

32.0 

9 

27,4 

1 pintail 

d 

30.2 

9 

26,0 


Summary. There is thought to be a slight though definite 
tendency to more variation in r 2 hybrids than in Fi hybrids in 
this cross. The first hybrids are shown to be as exact an inter- 
mediate in every detail as could possibly be imagined. They 
are shown to vary to a measurable extent, mostly in those char- 
acters that tend to vary in the mallard parent, the chestnut 
.breast and white neck ring. 

The Fa hybrid material is not sufficient to establish beyond 
question the occurrence or non-occurrence of distinct Men- 
delizing characters, but indicates that Mendelizing units of a 
simple sort do nqt occur. It is expected that the number of Fa 
hybrids will be largely added to. Small as it is, it demonstrates 
the point stated above. It is doubtful whether any reasonable 
number of specimens of this generation will give any new types, 
but this can only be proved by further work. 

The tendenc 5 ^ to a more pintail appearance of the Fa's cannot 
be accounted for, as the original Fi & , still alive, is a good Fi type.^ 

* Cross J 1914, [d* pintail X 9 Fi pintail X mallard) X 9 mallard gave 

16 cf’cf’ which form a very uniform series, but show slightly more pronounced 
chestnut breasts than Fi cf’cf’. They are | pintail and | mallard. • 
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In the back cross with the pintail parent the female Fa hybrids 
have transmitted from their mallard mothers distinct mallard 
characters, involving both shape (cervical vertebrae length), 
color, and color pattern. 

Black duck (Arias tristis) and mallard crosses 

This cross involves the union of two species, only one of which 
has sex dimorphism; i.e., the mallard. It is analagous to the 
Australian-mallard crosses to be described next. 

The black duck (pi. 3, fig. 3) is brownish black all over, the 
feathers margined with fulvous or gray. Both sexes are alike. 
The speculum of the wing is the same color as that of the mallard 
but it lacks the white bars, although a posterior one is sometimes 
developed to a slight extent. The top of the head is nearly 
black, and there is a dark post-ocular streak. The rest of the 
head and neck, down to that region which in the mallard is marked 
by a white collar, is grayish-fulvous streaked with dusky. This 
is perhaps the plainest colored species of the true ducks. 

The cross was started in 1909, when two wild male black ducks 
were mated with two female call ducks. These call ducks came 
from a strain which had been bred by me for several generations, 
and showed no departure from the general maUard type, although 
somewhat more variation exists than among the English mallard 
stock used in all the other duck crosses. For purposes of con- 
venience the call ducks may be regarded as pure mallard. They 
are in point of fact a rather coarsened mallard, with a more up- 
right carriage, a higher voice, and a tendency to throw darker 
individuals occasionally. 

The result of the 1909 cross was an Fi generation composed of 
three males, Nos. 19, 22, 23; and four females, Nos. 24, 25, 26, 
and 27. These Fi birds (pi. 3, fig. 4) were kept for several years, 
so that all delayed appearance of mallard characters may be 
ruled out. They may be described as dark intermediate types, 
showing plainly all the mallard characters, but obscured by the 
plain, dark brownish color of the black duck parent. The only 
mallard character which is strongly developed is the curly sex 
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feathers in the tail, and these are not quite so long as in the 
mallard. To, describe this hybrid more in detail: the post- 
ocular and hind-neck region is brilliant mallard green, the occi- 
put is black, with a slight green iridescence, while the sides of 
the face, neck, throat, and chin are buff, spotted with black, 
like the black duck parent. The breast shows the mallard 
chestnut, but much obscured and less brilliant, while the feathers 
of this area have a broad, black, sub-terminal pattern (pi. 9, 
fig. 6). The lower edge of the chestnut breast area is poorly 
marked off from the abdomen, not by a sharp line as in the 
mallard, and the white underparts have a dafk sooty appearance, 
with the fine vermiculated pattern of the mallard showing through 
to some extent. The under tail coverts are mottled and inter- 
mediate in type. The whole upper surface is very close to the 
black ducjt, but the speculum of the wing has the white anterior 
and posterior bars of the mallard. The rump has a greenish 
tinge, and the sex feathers are well developed (not so much so in 
the first year). 

The female hybrid, as might be expected, is simply a dark 
mallard female with no distinctive characters, as there are no 
striking differences between the female parents (pi. 3, fig. 5). 

It is of interest to note that this hybrid is very similar to the 
Australian-mallard hybrid, only in this latter cross all the mallard 
characters are less well developed (green head, sex feathers, 
chestnut area, etc.) . This point will be referred to again. 

In 1910 this entire lot of Fi (mallard-black hybrids) was run 
together, and produced six males and nineteen females. These 
males were kept until one and one-half years old, so as to give them 
a chance to develop any latent characters. The nineteen females 
were allowed to grow to an age of two or three months, but as they 
showed nothing of interest (same as Fi’s) one was saved as a 
specirnen and the rest discarded. In 1911 ten more F 2 males 
and four F 2 females were reared from the same source. This 
comprises all of the Fa generation. The twenty-three females 
were all very much alike, and similar to Fi females. The sixteen 
males must be briefly described. Out of the entire lot there may 
be said to be only one variate which is especially marked. This 
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■is a bird (c? 174, 1911, pi. 3, fig. 8) about halfway between the 
Fi type and the mallard parent. This bird was kept until a 
year and a half old, and was tested with pure mallard females 
(see below). It has a very green head with dark mottling on 
the cheeks and sides of the neck; while chin and throat are 
iridescent black. There is no neck ring, but the breast is rich 
chestnut, slightly spotted. The rest of the lower parts are like 
those of Fi males but lighter and more vermiculated. The 
sex feathers are fully developed, and the flanks, sides of the breast 
and scapulars show mallard vermiculations. Male 37 (pi, 3, fig. 7) 
is another variate, tv^ith slightly more pronounced mallard char- 
acters than the Fi type. On the other hand, several,- such as 
172, 1911, are darker than Fi t 3 ?pes. The anterior white 
wing bar in this last bird is absent, and there are no mallard 
vermiculations anywhere. 

A good deal of variation is seen in the size of the Fj sex feathers. 
In four cases they are absent, in five cases they are small, in two 
other cases they are recorded as ^medium, ^ and in five, cases 
they are large. There is then a very considerable range of 
development of this character from pure black duck to nearly 
pure mallard. This Fs generation shows a far greater range of 
variability than the same generation or the Ai^trahan-m^ard 
cross. Part of this may be due to the strain of caU duck intro- 
duced, but it is hardly probably that all of it is. Fa d 174 is 
without doubt a segregate. To confirm this opinion, this male 
was mated in 1912 with pure mallard stock (cross G, 1912J. 
Four males and eight females were reared to maturity, and showed 
by their appearance that their father was very nearly a potential 
mallard. Three of the males were pure mallards in appearance, 
but one had the anterior wing bar reduced and a few spots on 
the breast. The females were all pure mallards, except that in 
a few cases the anterior wing bar was reduced or nearly absent. 
When the offspring of this cross are compared with three-quarter 
blood mallards (see below) it is seen that they approach much 
nearer to mallards than do the three-quarter bloods. 

In 1912 there were made .two other matings in this same 
experiment, back crosses, producing three-quarter blood mallards. 
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A male mallard was mated with two female Fi birds (cross A, 
1912),. and a male Fi bird was mated with two female mallards 
(cross C, 1912). From cross A ten males and eight females 
were reared, and from cross C, nine males and five females (pi. 
3, figs. 10 and 11). 

It is evident that in these crosses there was excellent oppor- 
tunity for segregates to crop out, but out of the entire lot of nine- 
teen males there ^re no pure mallards, and only one individual 
which can be called an Fi type (c?* 500, cross C). The results 
of both crosses are the same. They run from a modified Fi 
type to maUard types with slightly spotted faces, reduced or 
absent neck rings, more or less spotted chestnut areas (pi. 9, 
fig. 5), darker upper parts, reduced white wing bars, and more or 
less coarseness and obscurity in the'vermiculated areas. The 
sex feathers are always fairly well developed. A detailed account 
of this generation is not essential. Careful notes were made on 
each bird at maturity, and four specimens were saved. 

In the same year, 1912, and also in 1913, a back cross was 
■ made between Fi females and pure wild black duck males (pi, 3, 
fig. 9). , Ducklings from this cross are not easy to rear, but there 
resulted in the two seasons ten males and eight females. These 
were^kept until from six to eight months of age. It is difficult 
to say whether this lot could be picked out off-hand f^om a 
series of wild^ black ducks. Closer inspection shows that there 
is only one way that they can surely be told from pure black 
ducks, and this is by the pattern on the feathers of the upper 
chest (pi. 9, fig. 9). In all the males these feathers show, besides 
the terminal buff and sub-terpninal black area, an inner distinct 
buff barring, which is further separated from the shaft by another 
blackish area. In the black duck parent this inner buff band is 
never present except in a very narrow or obscured condition 
(pi. 9, fig. 1). This barring is homologous to the 'eclipse' 
feathers on the chestnut area of the mallard's summer plumage 
(pi. 9, fig. 4) and is undoubtedly a mallard character (see Austral- 
ian X Mallard crosses). The females cannot be certainly 
told from pure black ducks. There is also great uniformity in 
this back cross. 
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The mallard, eclipse breast pattern is seen in the males of those 
other species of black ducks which have sUghtly more, differ- 
entiated sexes; i.e., anas diazi and anas wyvilliana and probably 
represents (23) a primitive sex dimorphism. 

Besides this distinct mallard character in the three-quarter 
blood black duck hybrids reared from a female mallard, there is 
usually a slight tendency to a httle green in the post ocular region, 
a slight development of sex feathers, and a darker rump, but 
these are not always present, and curiously enough they some- 

TABLE 1 


Scheme of matings: Mallard-Black duck experiment 


1909 cf Black X 9 call duck (mallard) 

\ 


3 49's, all alike and intermediate 


\ 


1910 — ^2 16 cf 's and 23 $ ’s; some variation in cT’s, especially in one case, cf 174 


1911 


1912 
and 

1913 


1912 


6' 174 




/ 


9 mallard 


4 d^’s and 89’s; three of the males and some 
of the females are pure mallards, others 
nearly so 

c?’ Black X 9 (Black cT X 9 call) 

V/ 

10 cT’s and 8 9’e 

Males all to be told frOm pure Blacks by pattern on chest 
feathers. Females hardly to be told from Blacks 
(Black X call) (Black X call) 

cf Fi X 9 mallard cf mallard X 9 Fi (1912) 

\ / \/ _ 

19 {/’’s and 13 9 ’s 


Both crosses alike. They contain no pure mallards, but several ducks nearly 
pure. Only one individual can be classed as an Fi type. The females are all 
to be told from pure mallards by reduced or absent whit-e wing bars, either 
anterior or posterior, or both. 



I^BEIDIZATXON AMONG DI CKS AND PIIKASAXTS 


81 


times occur in pure wild male black ducks (see discussion at 
end of Australian experiment). These very slight mallard char- 
acters would probably tend to increase a little with age, but this 
supposition Ij^as not been tested. 

Summary. This cross results in hybihis \’ery like th(' Austral- 
ian-mallard crosses, but both in ¥i and Is and in the back cross 
with the black duck parent more mallard characters app(*ar and 
apparently a greater amount of segregation occurs. This is 
probably due to the latent mallard characters ]')resent in the 
pure black duck. See Australian-rnallard discussion, ])age 545. 
The back crosses, especially the three-quarter blood black duck 
series, are uniform, much more uniform than the F« generation. 
Out of sixteen cT kh's, only one segregate in the'mallard direction 
occurred, and this bird when testedVith ])U]‘e mallard females 
produced apparently pure mallards in about half Iris offspring. 

Back crosses never produce pure parental types (^xcept in the 
female sex. 


AUSTR ALT AN-M ALT .A 111) ]■: X I>KRn [ I-: Nl’ 

Another aoss between two species, o)dy one of which is sex dimorphic 

In 1909 a pair of Australian ducks, Anas suj:)ercilio.sa, \yas 
purchased (pi. 4, fig. 1). They were ])laccd in a mating i)en and 
produced seven ducklings, ail of which were reared to maturity. 
Since that time the original pair has produced one or two broods 
each year, so that at least sixty of their offspring have passed 
through my hands, all of them pro\'ing absolutely true to type 
and showing no variations. 

The Australian duck, a species ranging from Java through the 
Australia-New Zealand region to Polynesia, is a bird with rather 
local habits. For no' very good reasons it has been placed in 
the genus Polionetta. It is very plain colored, the sexes being 
identical, and in a general waj^ it closely resembles our American 
black duck, except for the pattern on the sides of its face, which 
at once differentiates it. This pattern consists of a very light 
buff colored super-ocular streak with a broad lilack ocular stripe 
under it. Below this is another buff stripe, sei)arated from the 
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plain bulf of the chin and throat by a narrow blackish line which 
runs from the gape to the ear coverts. The speculum is glossy 
green, not purple as in the mallard and black ducks, and framed 
both anteriorly and posteriorly by a abroad blaclj band. The 
legs and feet are dirty yellow, and the bill plumbeous color with 
a black nail. In size it is slightly smaller than the black duck 
and the mallard. 

In 1910 two young cf Australians were mated with two 9 
mallards from original mallard. stock (cross M, 1910), and pro- 
duced four males and six females, cf’s Nos, 88, 69, 77, 70; 9^s 
Nos. 92, 83, 85, 86, 87, and 68. 

The next year, .1911, Fi cT No. 69 was mated with Fj 9's 
Nos. 92 and 83 (cross C, 1911). As a result nineteen ducklings 
were hatched, but six died and only thirteen were reared to matu- 
rity. Of these only five were males. The females were examined 
and found to be all exactly amilar to the Fi females, except for 
a slight tendency to a difference in shade of the underparts. 
They need not be mentioned again. In the year 1912, ten more 
Fs cT’s were produced in the same way. In 1913 a- pure Austral- 
ian cf was mated with one of the original Fi hybrid females 
(cross T, 1913), and nine birds of three-quarter Australian 
blood were produced. These will be described later. The 
skins of a number of specimens were preserved. 

A reciprocal cross ( mallard X 9 Australian) has thus far 
failed. 

The first generation hybrids may now be briefly described 
(pi. 4, figs. 3 and 4). The female Fi is remarl^ably like its Aus-' 
tralian parent, and would quite easily be taken for that species 
by a careless observer. The bridle pattern on the face is, how- 
ever, more obscured, the face being darker and more streaked, 
while the speculum is more purple, like the mallards. On the 
whole, though, there is a marked dominance of the darker Aus- 
tralian parent, like the black duck in the last experiment. 

The four cf hybrids are all practically alike,' except for age 
changes to be noted further on. They show very little of the 
mallard except a general lightness of tone, being lighter on the 
underparts than the female F/s. The face markings are the 
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same as in the female, the upper pai ts axe similar, but the specu- 
lum is more mallard-like in appearanee, having the broad ante- 
rior white bar of the mallard fully developed while the ])osteri(]!r 
white bar is ^educed. This is all the more curious because its 
Australian parent has a distinct white posterior bar but no an- 
terior one. There are, besides these marked characters, a very 
slight indication of the chestnut breast of the mallard and a 
distinct darkening of the rump and upper tail coverts. There 
is scarcely any tendency to mallard sex feathers, but the under 
tail coverts are sprinkled with buffy edgings to the feathers. 
This, it must be borne in mind, is the appearance of the hybrid 
at the age of. one and a half years. At two and a half years, 
77 (pi. 4, fig. 3) has developed somewhat his mallard tenden- 
cies. His breast has become more chestnut and his abdomen 
lighter, the chin and throat are a rich buff, more ruddy than at 
first, and the buffy under tail coverts are more developed. The 
sex feathers are distinctly developed, wlule at the base of the 
neck, underneath, is a small spot of white, indicating the position 
of the mallard neck ring. It is thus apparent that age tends to 
bring out the mallard sex characters. Age tends to make this 
hybrid more and more like the mallard-black duck hybrid, which 
from the close color relationship between the black duck and 
Australian' duck it should certainly resemble. As a matter of 
fact, however, it never develops the marked green of the post- 
ocular region or the well-developed sex feathers which are always 
seen in the mallard X black duck crosses, even at the first ])lum- 
age. This point will be referred to later. 

The first hybrid in this cross is then a bird intermediate in 
appearance but tending towards its darker parent, especially in 
the female. The secondary sex characters of the mallard be- 
come more prominent in the hybrid with age, at least up to the 
third autumnal moult; possibly longer. The female apparently 
does not change with age. 

The Fg generation, comprising fifteen males, need only be 
briefly considered. It is not possible to answer the question as 
to whether they show any tendency to a segregation of parental 
characters. If they do, it is only a slight tendency. The most 
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marked mallard variate is not nearly so mallard-like in appear- 
ance as the old Fi bird referred to above ( c? 77, 1909), but none of 
this generation were kept over one year. Age would undoubtedly 
tend to accentuate the mallard male characters as was shown for 
the first generation hybrids. 

It may be remarked that F 2 cf 304, 1911, is rather Austral- 
ian looking, and the speculum is distinctly greenish (pi. 4, fig. 7). 
It has, however, very distinct sex feathers and brown under tail 
coverts. 

The anterior white specular bar tends to vary in this generation, 
being almost obsolete in 241, 1910, and fully up to a mallard 
'standard in cf 68, 1910. This tendency to variation anterior 
to the speculum is seen in some pure wild species of ducks (23). 
It can be safely said that it would take a very large scries of both 
generations, with the individuals kept for at least three years, 
to conclusively round out this experiment and measure the actual 
amount of segregation (if such a condition exists) in the second 
•generation hybrids. As far as this experiment has gone there 
is nothing to show any greater variation in F 2 than in Fi. Segre- 
gation, if it exists at all, is probably comparable to that found in 
the pintail-mallard crosses (a barely measurable amount). 

The back cross produced in 1913 is of considerable interest. 
This consisted of a mating between a Australian and a female 
Fi Australian X mallard (cross T, 1913), as noted above. On 
first inspection they look pure Australian, and the females can- 
not with certainty be told from Australians, but the males all 
have the barred breast feather, seen in the three-quarter black 
ducks (pi. 9, fig. 10). This pattern was shown in the account 
of the black duck crosses, to be a mallard character, and is com- 
mon also to certain other mallard-like dficks. There is also in 
these back cross birds a brownish edging and a brown barring 
of the under-tail coverts, seen more fully in Fi^s. 

In comparing the males of this cross with the males produced 
in the black-duck X mallard experiment a very considerable 
difference is found to be always present. The males of the three- 
quarter blood black ducks always show some mallard coloring 
(green post-ocular regions, iridescent rump or upper tail coverts, 
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more or less developed sex feathers, etc.). Tliese characters 
appear in the young birds at the first adult pluinago niid very 
probably increase with age. We are thus led to the belief that 
the wild- black duck actually contains, mallard characters not 
present in the Australian duck, and that those are slightly ac- 
centuated by association in the zygcde with characters from the 
mallard pgrrent. The three-quarter blood pintail hybrid pro- 
duced in the same way is not quite the same case, as both parent 
species are sexually dimorphic to a inaiked degree. 

Certain variations of dhe black duck ha\'e received a great deal 
of attention from ornithologists, and space forbids a discussion 
pf them here. It is suflicient to say that a second race of black 
ducks has been named on the evidence of several rather ti’ivial 
characters; viz.: size, color of legs, color of pelieum, streak i ness 
of chin, etc. Various papers in the Auk by Brewster, Dwight, 
and Townsend have presented the pros and cons of this case. It 
has been held that the larger bird with the rod legs migrate^ 
later and probably breeds in a more northern region. The* 
validity of this race is still in dispute, and its name, A. rubripes, 
is now thrown into synonomy and but one species recognized. 

I pointed out in a note on the American black ducks (28, p. 300) 
that male black ducks kept in confinement for three years tended 
to develop quite marked mallard characters. Some of these, 
characters are the very ones which are found in the three-cpiarter 
black duck hybrids, but not in the three-quarter Australian 
hybrids. In other words, there is present in the wild black duck, 
latent mallard characters, which, sometime appear with . age. 
These characters become immediately apparent when a (piarter 
dose of mallard is combined with a three-quarter dose of black 
duck. The coral rpd legs of many adult wintering black ducks, 
which have caused so much discussion, may be partly an age 
character. We know, however, that coral legs do not always 
appear with age in the black duck (29, p. 176). TJie question 
of the two possible races of black ducks' is brought up to show 
that the presence of mallard age characters in the black duck 
makes the systematic study of its two possible races still more 
complicated. 
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BLACK EAST INDIA DUCK CROSSED WITH MALLARD 

In the winter of 1910 two pairs of the so-called East India 
ducks were purchased from G. D. Tilley. This race is apparently 
nothing but a simple mdianistic derivative of the domfetic mal- 
lard, and in no sense a wild species. It is a small cousin to the 
large black Cayuga duck, and resembles that bird in color. 
Both sexes are black all over, but the male has a fine metallic 
lustre which the female for the most part lacks. This breed 
is liable to show white feathers (30) especially with age, on the 
-breast, neck ring region, and at the base of the lower mandible. 
In fact it is rare to get a bird that does not show some defect 
(white feathers) in later life, though the first plumage may be 
perfect. In poorer examples of the breed the mallard chest area 
shows through the black coloring. The race breeds perfectly 
true, as was amply demonstrated by my strain in 1911 and 1912; 
but, of course, there is variation in depth of color and metallic 
Justre. The eggs of this variety are a deep chocolate or sooty 
tint, but they grow lighter colored after the first few eggs are 
lay^d.. 

In order to see how this blackness behaved in crosses, a re- 
ciprocal cross was made with my original mallard stock in 1910. 
cf East India X 9 Mallard (cross J) produced ten offspring, 
six of which were saved for further work, d^’s Nos. 72, 73, 129; 
9 's Nos. 71, 76, 131. 

In the Other cross (cross H, 1910) -a male stock mallard was 
mated with, the two 9 East India ducks. Twelve birds were 
reared to maturity, and cf Nos. 121, 119, 81; and 9 9’s 77, 
78, and 80 were saved. As both sets of the Fi hybrids were alike, 
and as both produced similar F 2 offspring, they may now, for the 
sake of simplicity, be treated together. 

The first generation ducklings are black, except for a yellowish 
breast area, and sometimes an ocular yellow .mark or a little 
yellow at the base of the bill. The adults are also black like the 
East India parent. Some of these hybrids are exactly as black 
as the black parent, but others show'a slight brownish cast, es- 
pecially among the females. One male (Cross J) has a large 
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white chest patch and very much lighter under parts. He was 
not used in producing the F. lot. The East Indhin duck there- 
fore shows almost complete domination over the mallard. 

The Fs generation was reared in 1911 and 1912, In the tii*st 
of these years the reciprocal crosses were kept separate, as noted 
above, but as it evidently made no difference iji which direction 
the cross was made (no sex linkage) this precaution was aban- 
doned in 1912. 

The entire F 2 generation considered together shows immedi- 
ately after hatching two entirely different- types with a question- 
able thiid type. There are sixty-one of the dominant Easl 
India type, twenty-eight mallard type, and four jet black, 
so called ‘freak type.’ Forty-five ducklings of these three classes 
were reared to maturity and the rest were described in the down 
color ^and discarded for lack of space. All four of the ‘freak’ 
type were reared to maturity. The proportionate distribution 
of the types by years are, in the down, as follows: 


, Mullard Kast India 'Freak' type 

1911 17 31 3 

1912 n 30 1 

Totals...' 28 61 4 


We may now consider the dominant F 2 class. These show in 
the down a great variety of pattern, especially about the head. 
The post^ocular and occipital region is in some cases much 
' mottled with yellowish, in other cases it has the same appearance 
as the Fi or the pure East Indian duckling. Aloreover, the upper 
breast arid a patch at the base of lower mandible is apt to be more 
or less blotched with white, and the extent of this blotching was 
found to be a very rough indication of the blotchiness of the adult 
bird. ■ The females proved more uniform in down. 

At maturity the males of this dominant class were found to 
present a wide range of pattern, but the females were practically 
true to the Fi type. This difference in the sexes is very marked. 
The males fall, into a nearly continuous serias from a type showing 
a distinct mallard pattern (though very dark) to a pure Fi type 
(solid black). The males also exhibit all degrees of blotching 
at the neck-ring, chin, and on the lu’east, especially at that line 
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where the chestnut in the mallard ends. There is no relation 
between amount of blotching and general color of the bird. Some 
of the most mallard-like individuals are solid colored, while some 
of the blackest birds are heavily blotched. The mottling of the 
hind neck and post-ocular region, so common in the down plum- 
age does not appear in the adults, except very slightly in two 
cases. This diversity of the males is without doubt due to heter- 
ozygosis, but this point was not tested. 

An examination of the recessive (mallard) class of F 2 ^s shows 
them to be all alike in down, being very close to the mallard duck- 
lings, but always, or nearly always, with a slightly broader and 
darker ocular streak. On maturity these birds are pure mallards 
to the casual eye, but close inspection reveals the following 
points. The males, only four of which were reared, are usually 
to be distinguished by a very slight sooty appearance qf the 
lower abdomen, which in one specimen, No. 411, is quite pro- 
nounced (pi. 6, fig. 3). Two of these males would certainly not 
be noticed as being in any way peculiar (pi. 6, fig. 4). The 
females, however, are all slightly Contaminated^ by the cross, 
as is seen from their darkened appearance, both above and 
below, and the very distinct sooty look to the lower abdomen 
(pi. 6, fig. 5). The thj^’d or freak class, which must also be 
regarded as recessive (see below) is always jet black in down, 
like the Trcak^ mallards described in the ‘freak mallard' experi- 
ment. There are three males and 'a female. The males are 
darker on the back than the pure freak males, and one of them, 
No. 160, 1911, has a little area of chestnut below the neck-ring. 
The appearance of this slightly contaminated freak type is not 
easy to explain. One of these freak males (No. 207, 1911) 
was tested in 1912 w’ith the mallard stock (cross I, 1912), and 
produced nine males and six females. There were among these 
no freak types. In down plumage all were of mallard coloring 
with somewhat darker ocular stripes, like the recessive mallards 
from the F 2 East India cross. When adult three of these males 
were not to be told from mallards, while six had the sUghtly 
sooty abdomen. The females were darker than mallards and 
many had the anterior white wing bar reduced or absent. In 
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fact the birds of this lot are just* like F. re('essivcs, and the freak 
type has been entirely dominated. This shows that this type 
must be classed as a recessive, and probabl\' ^^•a.s iutrodueed 
into the cross as a recessive character from the mallard side. 

The dominant Fa’s need not be fuidher considered, as tliey 
were not tested. It was desired to test the contaminated re- 
cessive female F 2 ’s, and two of them (Nos. 202, 184; 11)11) were 
mated to a male mallard (cross M, 1912). From tliis cross there 
resulted twelve males. Seven of them are classed as jniro 
mallard type and four of them as sooty mallai-d ty])e (sooty on 
lower abdomen, sometimes slightly darker above, anterior wing 


Scheme of matings in Black East liidia X aiallard experiment 
1910 cf' mallard 9 East India (cross D) lOast India X 9 mallard (cross F) 


lot I 
F2 


1912 

F2 


Fi cT and 9 nearly 
black all over 


l^ast India mallard freak 
types 12 types 9 types 1 

Fi cf X Fi 9 regardless 
of reciprocal matings 

/ i \ 

/ ■ I \ 

East India mallard freaks 
30 11 1 


1012 


Freak <f X mallard 9 

\, / 


9 d'd', 69 9 

No freaks — offspring like 
F 2 mallard types (recessive) 


Fi same nm rocijirocal 

, / . i , \ 

East India mallard freak 
iyi^s 19 typesS 'ty])cs2 


cf* mallard X 9 F 2 extracted mallards 

12 cTcT; 7 pure mallard 
4 sooty mallard, 1 freak 
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bar sometimes reduced). The remaining male is a pure freak 
type and was j et black in the down, as this type always is ( cT 455 ) . 
The females were not all carefully examined, as they were 
discarded for another purpose. The only specimen saved is 
practically a pure mallard with the wing bars both present. The 
‘contaminated’ females of the Fa recessives therefore passed on 
to about half of their male offspring, 'the contamination character 
(sooty abdomen, etc.), but the peculiar freak type also appear^ 
again in one case. 

FREAK MALLARD EXPERIMENT 

In the spring of 1909 one hundred and twenty-five mallard 
eggs were purchased from George Edgar, gamekeeper of Tran- 
quility game preserve in Connecticut. From this ■ lot sixty- 
five birds were reared to maturity, forming the l^sis of mallard 
stock described elsewhere. 

At hatching time two of these ducklings appeared so remark- 
able in color that they were banded. They were coal black. 
One of them died, but the other, cf No. 39-256, matured, and 
was found in October 1909, to represent a new type of mallard, 
a clear-cut .variation, which I have called ‘freak mallard’ (pi. 
5, fig. 3). This male ^an be described in a' few words. There 
is entire absence of white neck collar and chestnut breast area, 
the silver color of the lower parts extending up to the green of 
the neck, while the sjieculum is dull black instead of metallic 
green. No other duckling in this lot showed any departure 
from normal. 

In 1910 cf 39-256 was placed in a mating pen with a normal 
$ mallard from the original lot, and seven ducks were reared 
to maturity, cf cf Nos. 116 and 145 and 9 9 Nos. 114, 117, 93, 
115, 118. They were all normal mallards, the freak character 
proving entirely recessive. 

. In 1911 one of the Fi males and two Fi females were mated 
(cipss E, 1911) and there resulted five black ‘freak’ ducklings and 
seven normal ones (pi. 5, figs. 5 and 6). Only two of the freaks 
lived and these were both females, but when adult they were seen 
to be different from mallard females. They are always to be 
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told by absence of the dark ocular streak and the light supra- 
ocular streak, and presence of a dark, streaked throat, which in 
the normal bird is plain buff color. The throat in the female 
freak is exactly like its cheeks (pi. 5, fig. 4). These ‘freak’ 
mallards appeared to lack vigor and were by no means easy to 
rear. 

In 1912 9 9 Nos. 221 arid 219 were mated with the original 
freak d’ (cross N, 1912), and there were reared five birds, three 
males and two females, all typical freaks, showing that, the 
freak character had segregated in a pure state. In 1913 this 
generation gave rise to still another one (cross II, 1913) all similar 
in character. 

It is interesting to note that out of thirteen freak ducklings 
hatched in 1913, only seven were reared. Two female freaks 
in 1913 laid only forty-one eggs. Twenty of these were set, 
but only thirteen hatched. The English stock mallards on the 
other hand lay about forty eggs each, and these eggs are 80 to 
100 per cent fertile. 

I have failed to find any evidence of this ‘mutation’ occurring 
in wild killed birds. Dewar and Finn (6) mention its occurrence 
in domestic mallards, and Rogeron (27) reared many of them. 
Rogeron thought that he obtained hit^ freaks from pure wild 
stock, but pf this I think there may be some question, because 
the breeding European wild stock seems to be rather strongly 
given to variations and contaminations, as Rogeron’s own book 
shows. It is, however, possible that this variation does occur 
in European wild mallards; it certainly does not in American 
wild killed birds. This freak variation is common in the ducks 
of the London parks, as I have noticed myself. 

Besides the characters above-mentioned, there is often a re- 
duction of the white speculum bars in the female, and generally 
a darker look all over in that sex. The first juvenile plumage 
of both sexes is said by Rogeron to be more uniform, a point which 
I did not notice. The downy young are always black all aver, 
'including the bill, legs, and feet. 

This is an exceedingly clear-cut mutation, and has showed no 
tendency to vary in my stock. Finn (7) mentions seeing gray- 
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breasted birds with a verj^ little chestnut at the base of the neck, 
but no such intergrade has appeared here. 

This freak condition may be of the same nature as the so- 
called ( 'hrysolophus obscurus, the dark form of the golden pheas- 
ant, which was at one time thought to be a new species. It 
apparently segregates out clearly in aviary strains of golden 
pheasants but is never found in the wild. 

We thus see that although the chestnut breast and white 
neck ring of the mallard are inherited in a very complex way 
when crossed with other species, there nevertheless exists some 
‘modifier’ or other single factor whose presence is necessary 
for their expression. Also we have every reason to believe 
that the loss of this ^modifier’ is associated with relative sterility 
and lack of vigor. 


TABI.K 3 

Matings in ‘ Freak Mallard’ experiment 
Fnglish mallards, about 500. including three freaks 

d' freak No. 30-256 X 9 mallard (from mallard stock) 


N/' 

Fi 2 o^d^’s; 5 9 9 's (normal mallards) 

F 2 7 normal mallards; 0 freaks 

d freak No. 39-256 X 9 F 2 freaks 


3 cTcf , 2 9 9 , all freaks 

4 cT cf , 3 9 9 , all freaks 

Prince 0 / Wales {Phasianus 'princi'palis) crossed with ring-neck 
'pheasant (P. torquatus) 

This cross was started with the idea of testing the inheritance 
of the white neck-ring of torquatus. All the true pheasants 
(4) may be roughly divided into four groups, according as they 
have, or have not, a white neck ring, or according to whether 
they fall into the green rumped or the red rumped group. By 
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far the largest group of these four possible conibiiiations is the 
red rumped dark-neck (no neck ring) group: and into this falls 
principalis. This group contains 9 species and o sub-s])ecies. 
The next group, the combination of red runi]) and white collar, 
is a very small one. It contains but 2 species and I sub-species. 
The green, gray, or slaty rumped group with dark lUH'ks number 
8 species and 2 sub-species, while lastly the green runt])ed and 
white necked group contains 4 species and 3 sub-species. 
There may be said to be therefore a tendency in nature towards 
a combination of red rumps and dark iiecks and greefi ruin})s 
and white neck rings. It was thought of interest to test the 
question whether an association of lliese characters wf)uld be 
found in hybrids. It has been shown above that in duck 
hybrids, for instance, the mallard characters, green head and 
chestnut breast, are always con-elated in their int(‘nsity. 

The striking features about the principalis, or Prince of ales, 
pheasant are as follows: Neck ring absent, lesser and niedian 
wing coverts white, with white sliaft stilpes on the greater coverts; 
^rump and upper tail coverts orange I'ed with a few fine black 
dots; tail barring reduced to faint lines, Torquatus or ling- 
necked pheasant: White neck ring well marked, though absent 
ventrally; rump greenish to greenish slate, with sub-terminal 
bars of brilliant green; lesser and median wing coverts mostly 
sandy buff color; tail barring very marked, especially towards 
the tip, where black areas from 6 to 12 mm. wide occur. There 
are other differences between these species, especially in the man- 
tle, in the flanks, and in the metallic color of chin and throat, 
but they are characters rather too subtle for the present study. 

In 1909 a pair of pure wild princApalis pheasants were secured 
from Wallace Evans, Oak Park, Illinois. The male was care- 
fully compared with a wild killed skin from Merv, Trans-Caspian, 
‘Asia, collected in June, 1889 (pi. 7, fig. 1). The two birds agreed 
very well, and there was only one slight difference, the tail 
bars on my live specimen being fainter than those of the ]\Ierv 
skin (a principalis character). The rump also is redder in my 
skin, but taken as a whole the differences between the two birds 
are no more than individual or seasonal. 
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The ring-necks or torquatus used in this cross belong to a 
strain from which at least two hundred individuals have been 
reared on the farm. In no case was .the white neck ring absent 
(pL 6, fig. 2). 

From the original pair of principalis there were reared in 1912 
and 1913, thirty- three pure' bred offspring, none of which showed 
any departure from type. 

In 1910 the original male principalis was mated with two 
females from my torquatus stock. From this pen I reared four 
males and five females, which may be described as follows (pi. 6, 
fig. 3). Males: neck ring reduced but present; wing coverts 
grayish white, not so white as in principalis, white area less than 
in that species; rump rich reddish chestnut, not the gold red of 
principalis or the greenish slate of torquatus; tail barring very 
narrow, showing partial dominance of the principalis parent. 
In all other respects the hybrids are intermediate. The female 
is much lighter colored than the torquatus female, and quite 
near that of principalis. 

In 1911 mating was made, with a trio of the Fi generation and 
resulted in the rearing of ten F 2 males and a number of F 2 females. 
The latter were killed as soon as they could be sexed, on account 
of lack of room. 

These males all had the neck ring, though in one case it 
was reduced to a few white feathers. They were graded in an 
arbitrary manner with relation to the four characters described 
above, neck-ring, wing-coverts, rump, and barring of tail. The 
result obtained is shown in table 4, 

There is, as far as can be determined with small numbers, no 
correlation Betw^een any of the above characters. They are^ 
distributed regardless of individuals. For instance, the nearest 
approach to a principalis is specimen D, which has a small neck 
ring, a very red rump (much darker color, however, than princi- 
palis) white wing coverts, but the white patch reduced in area, 
tail barring intermediate. The mantle and the throat in this 
bird , approach somewhat the principalis color pattern. To sum 
up the series, there is a very distinct segregation of the characters 
considered, but no clear dominants or recessives appear. Very 
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T.\BLE 4 


White neck ring 

.trace 

1 ease 


small 

2 eases 


intermediate 

3 {‘ases 


large 

4 eases 

itump and upper tail coverts, color. 

• green, almost torquatus 

2 eases 


reddish 

2 etiscs 


greenish 

2 cases 


rich red; about like Fi 

4 cases 

Wing coverts, color 

.brownish 

4 eases 


intermediate 

2 cases 


whitish 

4 eases 

Tail barring 

■ feeble 

1 case 


intermediate 

G cases 


strong 

3 cases* 

large numbers would be of interest in this cross. The tendency 

to segregation is probably greater, than in, for instance 

, the pin- 

tail mallard duck hybrids (pi. 6, figs. 6-10). 



In 1912 (cross E) the original principalis male was mated with 
two Fi females and fifty-four chicks wore hatched. Unfortunately 
f severe enteritis broke out among these birds before they w’ere 
mature and only nine males were left available for study in 
November (pi. 6, figs. 4-5). 

Comparing these back cross birds with F 2 birds the following 
generalizations are at once to be made. These nine three- 
quarter blood principalis are all to be told at sight from the ten 
Fi by the very marked white wing coverts. The white area is 
whiter and of greater extent in all cases. There is no marked 
segregate, tjie lot is fairly uniform. The upper Imck and mantle 
is lighter ^ all cases except in No. 829, where it can be nearly 
match^ with specimen F 2 D. The neck ring runs from zero 
in No. ^6 through two other specimens which have only one 
white feather each, to No. 835, in which there is a very narrow 
ring (about 5 mm.) present on sides only. The tails of these 
back crosses are alb very narrowly barred, more so than in any 
Fa, except in one case, No. 586, which matches Fo.V. The rumps 
are all red; they are more golden red than the F 2 rumps, 
the least red, No. 582, matching exactly the reddest F^ rump 
(spec. D). 
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There is then an approach, perhaps even an overlapping, of 
individual characters between the Fo's and the three-quarter 
blood principalis, but this does not refer to individuals, which, 
all characters taken together, never approach each other in the 
two series. The uniformity of the back cross is interesting. It 
is like the uniformity of the three-quarter black ducks, three- 
quarter Australians, and the three-quarter blood mallards. 

To anyone familiar with pheasants there will at once be a query, 
was the torquatus stock pure? This is a criticism which cannot be 
lightly disregarded. The English pheasant was, as is well known, 
originally pure colchicus from Asia Alinor, a ringless phq^sant 
with sandy brown wing coverts, red rump and upper tail coverts, 
and wide tail bars. Nearly pure specimens of colchicus may be 
even now occasionally seen in English markets, but they ap- 
parently all have the green terminal bar on the rump feathers, 
characteristic of torquatus. If the ring-neck contains blood 
of colchicus sufficient to effect an increased segregation in hybrids 
with other species, the neck ring and the rump color should be 
the regions most affected, for these are the most sharply coif- 
trasted in colchicus and torquatus. Such, however, can hardly 
be said to be the case. It is intended to test this point in crosses 
between principalis and other species, but for practical purposes 
the ring-neck can be considered a fixed race. Ghige has also 
reached the same conclusion. 

To sum up: This cross gives intermediate hybrids with a 
tendency to a mild form of segregation in r2, this segregation 
occurring without apparent correlation of parental characters. 
The most extreme F2 characters varying in the (^rection of 
principalis exactly meet the three-quarter blood principalis 
series^. The three-quarter blood series is more uniform* than the 
Fo series, and does not overlap it. It is probable that three- 
quarter blood birds can always he told from F2 birds, although 
soma individual characters may be the same in the two series. 
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INHERITANCE OF SPO^PTING AND ALBINISM IN PHEASANTS 

In 1911 I received as a gift a male pheasant, of the ordinary 
torquatus, or English stock, a partially white male bird (pi. 8, 
fig. 1). The head is mottled with black, and the lower back, 
rump and wing coverts are very much mixed with white. The 
primary quil]s are mostly white. The lower parts except the 
abdomen, are nearly normal, while a part of the mantle is also 
nearly normal. 

I mated this pied bird with my ring-neck stock in 1911, and 
reared one setting of eggs, all normal ring-necks (cross G, 1911). 
In 19J2 and 1913 a trio of these Fi’s.was mated to produce an 
generation. The results of the two years added together are* as 
follows: 68 normal chicks; 22 white chicks. All chicks that 
died in the shell are included in these figures, which are of course 
a perfect Mendelian result. The original male died in September, 
1911. 

These white F 2 pheasants were very delicate and many died 
young. Only eight of the twenty-two were reared, though the 
^eatest care was taken with them. Cronau (5) obtained white 
pheasants, and found white entirely recessive. He had great 
difficulty in rearing his white birds. Whites and partial whites 
crop out in many stocks of English (torquatus) pheasants, but 
are usually destroyed as being inferior for show or sport. 

Now as to the coloring of this F 2 generation of whites: They 
run all the way from a bird about half white, as in 784, 1912, 
or 1178, 1913 , to pure white birds with very slight brown ticking 
here and there, as in 9 780, 1912, and cf 781, 1912. The eyes are 
always a dirty bluish gray, some a little darker than others, 
but not at all the bright hazel brown of the normal bird. The 
legs and^ill are very pale pinkish. 

A selection was made from the whitest birds, and in 1913 a 
trio of them (all nearly immaculate) was mated (cross D). The 
mating resulted in an F 3 generation of eleven mature birds. 
They were all white, or nearly so. The brown ticking when 
present occuplied a patch on the occiput, a few feathers in the 
wing coverts, or a little brown streaking of the flanks and breast 
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(pi. 8, fig. 2). One or two of the birds had a creamy appearance 
all over. 

A selection has been made of the darkest r 2 birds, and it is 
hoped to rear large numbers, with the idea of seeing whether 
these pied recessives may by any possibility throw a dominant 
(normal) individual. It is of course always possible that in- 
breeding of this sort will end in the loss of the stock, as pheasants 
seem to be very susceptible to its dangers. 

Smmnary: Spotting behaves in pheasants as a unit character. 
Selection of the whitest Fo birds produces an Fa generation which 
is far in advance of the Fo’s in Svhiteness/ though some regression 
occurs. 

Lady Amherst (Chrysolophus amherstiae) and gold pheasant 
{CJmjsolophus pictus) crosses 

In this experiment, which was begun in 1911, I planned to 
make reciprocal crosses, carry them to F 2 and make all possible 
back crosses between the two Fi generations and both sexes of 
both parents, in order to detect any trace of sex-linkage. This 
entailed twelve matings, rearing of the males until fourteen 
months or more of age (full plumage is not assumed till late in 
the second summer in either of the parent species) and inbreed- 
ing species made delicate already by many generations of aviary 
life. The greatest difficulty encountered, however, was the 
fighting propensity of the males, which were being held over 
for full plumage. This necessitated placing each male in a sepa- 
rate cage from early in the spring to at least the following August. 
This experiment has taken up much room, and progress has been 
extremely slow. There has been great mortality among hybrids; 
often as many as half or two-thirds of the young birds have 
died in a summer, probably on account of lack of space and 
crowding on soiled ground. However, nearly all the crosses 
have been carried out, though not all the birds are matured 
enough for study. 

In regard to back crosses it is yet too early to speak, but the 
two series of F 2 present a feature that is so remarkable that it 
seems best to record the phenomena at this time. 
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There were in all a very good of se\'eiiteeu F, males 

raised from both reciprocal crosses, and these were found to be 
always alike. An excellent plate of this hybrid is given in 
Elliotts monograph of the Phasianidae. There is a slight amount 
of variation in the yellow area on the sides of the breast, represent- 
ing the demarcation in the Amherst between the green breast 
and the white belly. All other features are constant so fai' as 
my observation goes. We need not take time here to descril)e 
this hybrid in detail. 

There are now available for study nine F.> d' & from the cross 
cT Amherst X 9 gold, and seven 1'. cf cT from tlie cross ^ 
gold X 9 Amherst. 

The first series, with the Amherst for male parent, is far elosor 
to the golden type than the conpninion series with gold for male 
parent. This apparently means that the male Amherst lias 
passed on to his progeny less of his own male characters than th(‘ 
female Amherst has passed on to hei’ progeny. It is also to be 
remarked that the cf gold and 9 Amherst I'^’s are v('i'\' clos(‘ 
to the Fi's, though more 'scariable, while the other series is v<a-y 
much removed toward the golden type and also varies around 
its own mean. The two series about meet, but do not overlap 
in the least. The differences are marked ones, suph as: color 
of mantle, color of crest, color of up])er tail cov^erts, ]iresence or 
absence of Amherst green on the upper breast, presence or ali- 
sence of yellow area at breast-belly junction, etc. It is difficult 
to see how there could be any mistake in this experiment. The 
results appear to be clear-cut in every case. They might, how- 
ever, be criticized on this score: that the male 'Amherst used in 
the cross contained golden blood, or that perhaps the 9 gold 
contained a little Amherst blood. The most likely contamination 
is no doubt to be looked for in Amherst stock, as this is a rarer 
and more delicate species. But the golden blood, if present at 
all in the Amherst strain, must be very small in amount to escaj')e 
close inspection, and it seems impossilde that it could be respon- 
sible for the clear-cut difference described above, (lighi f 17- 
notes that the aviary Amhersts have been developed by cross) 
ing with gold and back crossing with male Amhersts until all 
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gplden blood was swamped. He himself crossed back to Amherst 
several times. In the second back crossing (gold blood |) the 
offspring, he says, are pure Amherst, except for slightly broken 
transverse bars on the tail and slightly dim tail patterns. In 
the fourth or fifth back crossing all trace of gold blood vanishes. 
The tail characters are the last to disappe^. 

I feel sure that if my stock specimens of Amherst contained 
golden blood, it was less than one-sixteenth in amount. 

The best argument against ^he contamination theory is that 
if the male Amherst had had a dose of golden blood, his Fi 
hybrids would have been different from those of the reciprocal 
cross. This has been found not to be the case. The Fi and F 2 
9 9 are apparently all alike, but for lack of space they have 
been discarded early. 

It is planned to test again the question of the unlike F 2 cf cf’ 
with carefully inbred strain of the parent species, which are now 
available here. ' ■ 

TABLE 5 


Matings described above 


c? Amherst X 9 Gold 

■ 

F 2 5 cf’s: 8 9’s 


d' Gold X 9 Amherst 

.similar, . . . 11 cf’s; 12 9^8 

/\ 

F2 F2 

F 2 9 cT ' 8, about like I blood .7 cf’s, like Fds only a' little 

golden and showing very more variable 

little Amherst as a series, 
but some v 3 ,riation 


OTHER WORK ON PHEASANTS AND DUCKS 

It is now necessary to review some of the important features 
of the work of Alessandro Ghigi of Bologna. Professor Ghigi 
has made very extensive studies with hybrids of the pheasant 
genera Gennaeus and Phasianus. He also worked with the 
guinea-fowls and with fowls and pigeons. His early work was 
undertaken with the idea of getting at a more rational classi- 
fication of the groups involved. He thought the present method 
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of classifying species upon secondary sex character of plumages 
was not natural, and he laid stress on the phylogenetic character 
of plumages in females and young birds. He also showed the 
importance of ecologic factors in determining fertility and steril- 
ity in hybrids, and he showed that there was as a rule a typical 
difference in the pluiftages of fertile and sterile hybrids among 
pheasants! In fertile hybrids the male characters were more or 
less intermediate between the parental types and tended to 
produce new and more or less stable hybrid forms. In sterile 
hybrids there was a distinct tendency to a reversion to the more 
primitive plumage of the female or young, or to the assumption 
of characters uncommon to either parent. 

Many of Ghigi^s conclusions are drawn from a study of the 
Gennaeus pheasants, a large genus of which, the silver pheasant, 
G. nyctheinerus, is a typical and familar example. A brief 
notice of his work is necessary, especially as this work has not 
been given the recognition which it deserves (13). 

After a systematic survey of these pheasants, twenty-seven 
species of which arfe recognized (some of very doubtful value), 
he goes on to describe the various hybrid combinations which 
he obtained between the species nyctheinerus, horslieldi, lineatns, 
and muthura. He obtained besides F/s several back crosses 
and complicated hybrids combining three or four species. Some 
of these will be mentioned again in considering segregation of 
specific characters. He then goes on to compare the characters 
of these hybrids with the various wild .species which are closely 
crowded into Burma, Southeastern China and the Shan states. 
The characters under coRsideration are very numerous and 
complex, but chief among them may be mentioned the mantle 
pattern, the color of the fringe on the lower back and rump, 
shaft markings on feathers of sides, pattern of middle tail feathers 
and color of legs. He recognizes fourteen more or less opposed 
characters in the males and nine in the females. From this 
consideration he takes the position that the G. affinis. of Oates 
is a hybrid 'with blood of G. horsfieldi predominating, and con- 
taining a trace of lineatus. G. andersoni and G. belli can be 
interpreted as hybrids, near to lineatus, but with the red legs 
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of the silver pheasant, and so on. In all, ten species are ac- 
counted for in this way. 

Ghigi next considers the distribution of the group, and shows 
that most of the recently described species occur in the region 
where the horsfieldi, nycthemerus, and lineatus converge toward 
central Burma. The species of the gen«is overlap very much 
more than the true pheasants, no two species of which are sup- 
posed to be found in the same region. 

The last part of this worh* is composed of general consider- 
ations in regard to the dissociation of specific characters and a 
comparison between these characters and some of the ordinary 
racial characters seen in domestic products. In general it is 
maintained that crosses amongst systematic species (of phasian- 
idae) where fertile hybrids are obtained, lead in a definite way 
to new stable forms in which characters prevailing in the parents 
are associated in a different way. He does not give this concep- 
tion as in conflict with Mcndelism, but regards the sum of specific 
characters as decomposable in several unities, which are destined 
to separate themselves in the successive ^aerations after the 
first crossing. The species characters cannot often be classified 
as antagonistic pairs but as a complicated series often in cor- 
relation, but capable of being broken up so that in some cases 
hure characters appear. He would distinguish between those 
species which produce new hybrid combinations and retain their 
hybrid characters in further crosses, and those species which 
cannot produce new types in hybrid combinations, and always 
tend to assume parental forms wiien back crossed; in other words, 
Mendelian disjunction. For example, leucomelanus X horsfieldi 
and leucomelanus X lineatus produce intermediate forms, and on 
further crossing, new stable combinations, because the parents 
differ in their character complexes. On the other hand, leuco- 
melanus X muthura and leucomelanus X albocristatus cannot give 
rise to new forms, for they differ in single undecomposable charac- 
ters and their products tend to resume parental types. Muthura 
has a black fringe and a steel blue rump, albocristatus a whitish 
fringe and rump widely spotted with white; leucomelanus has 
the fringe of muthura and the rump of albocristatus, etc. Under 
this class also comes the .\mherst-golden combination, for these 
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species differ in certain clean-cut antagonistic particulars and 
their back crosses tend quickly to i-esunie iiarent types (17, p. 
236). In other words, Ghigi, would consider the first category 
of parents as elementary species, and the second category as 
varieties. The really priinitive species h(' considers as sterile 
or partially so, and ahvays able to maintain themselves in the 
wild. It is obvious, howe^’el^ that no such classification as this 
can be strict!}’’ ‘enforced. Xo parental ty{)es (as far as the work 
of Ghigi, Mrs. Haig Thomas, arid myself has shown) are ev(n- 
entirely reached by the first back cross, at least not in the males, 
though it may be argued that in no species ci'osses of birds have 
numbers sufficient for such a result e\’er l)een reached, further- 
more, primitive species do not always jiroduce sterile hybrids, 
as Mrs. Haig Thomas Iv^s shown for nyctlKanerus and Bwinhoii 
( 20 ). 

We may now return to that part of Ghigi’s work which most 
concerns us, the measure of X^ariability’ induced by crossing wild 
species. Ghigi himself did not pay much attention to this ])oint, 
and did not attempt to raise large numbers in his pheasant 
crosses. For theoretical puiposes it- would have been interesting 
if he had restricted his efforts a little more to certain typical 
hybrids. In the work on the Geunaeus j^heasants which we have 
been considering, among the list of liybrids we note that o’ 
(nycthemenis X muthura) X 9 in'cthemerus produced two 
males half-way between the first hybrid and pure uycthemcrus, 
but one of them had red legs. The female was indistinguishable 
from pure nycthcmcrus. & G. horsfieldi X 9 (nycthemorus 
X horsfieldi) produced four and three 9 X. One ^ was 
like horsfieldi except the white fringe on his back was narrow, 
and the tail was nearly black. The second differed in having 
brown spots on the external margin of the first ten secondaries, 
hardly any wlfite fringe, middle tail feathers striated with white 
and brown, and with other differences (specimen not entirely 
developed). The third had a tail like the last, but white stripes 
on several feathers of the sides of the neck, a large white band 
on feathers of rymp and rejiiaining parts like X^o. 1. In the 
fourth male there appear to be several distinct differences: Grest 
shining black and nuchal area black; lower j)arts blue-black 
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like crest; back black with a few white stripes; scapulars ajid 
wing coverts black with three or four pairs of pure white stripes; 
middle tail feathers vermiculated on internal web, white on base, 
etc. Two of the females of this cross show variation, and one 
is the same as pure horsfieldi. 

In cross 

cT ( nyc. X muthura) X nyc. 

9 (nyc. X horsfieldi) 

there were two males and two females. The males differed in the 
period of the assumption of the secondary sex characters. One 
of the females had red legs. In. cross 

cT lineatus X 9 (nyc. X muthura) 

9 horsfieldi 

there were two males and four females and both sexes showed 
numerous differences. In cross 

cf (lineatus X muthura) 

9 (nyc. X muthura) X lineatus 
there were four males and two females; two of the males were 
the same and the other two differed, one being delicately striated 
above; females alike. ^ 

In considering these hybrids it is very essential to recognize 
the delayed secondary sex plumage which I myself have often 
seen, and which Ghigi mentions in several places. If this is 
not taken into account, variations will often be overestimated. 
This precaution Ghigi has apparently understood. The best 
case of segregation is found in a recent publication of Ghigi (17), 
which considers the cross cf horsfieldi X 9 (cf nyd; X 9 
horsfieldi). He had twelve males; six of them were almost like 
horsfieldi, but differing a little from that species; the other six 
hybrids are variable and form a series from the Fi hybrid type 
to nearly pure types, black, like horsfieldi but striated on the 
back, wings and tail. This last result he considers at variance 
with much of his other work, but it is clearly a case of segregation, 
more pronounced than any obtained in my experiments. 

On the guinea-fowls Ghigi^s work is closely parallel to that on 
theGennaeus pheasants (15). He concludes that of the seven- 
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teen species and sub-species, only about half are to be considered 
as the products of change or variation. The rest are forms 
derived from natural cross-matings. 

With the true pheasants Clhigi has traced the gcograi)hical 
tange of certain, characters, neck ring, red or green rumps, etc. 
(18, p. 69), and speaks of the true pheasants as reducible into 
certain well-defined groups. As ev'idence of the .stability of 
hybrid forms ^he mentions the hybrid combinations in hunting 
preserves. For instance, in parts of England the vei'sicolor and 
■ colchicus has resulted in a green-backed pheasant, on the Coat in- 
‘ent. combinations of versicolor and torquatus Imve resulted in 
a stable variety, the green, ring-necked pheasant. Other stable 
types of introduced pheasants can bo readily adduced. The 
ring neck of Massachusetts shows very little variation, and yet 
it has a hybrid origin. 

In working with pigeons and with the wild gallimie (a cross 
was made between a sonnerats jungle fowl and a series of farm- 
yard hens) Ghigi reaches the conclusion that both pigeons and 
fowls have had a polyphyletic \fild origin. In pigeons, leuconotis, 
rupestris, and livia; in fowls, sonnerati, laffayettii and (lallus 
gallus (14) (17). 

Ghigi has described a very interesting mutation from a pure 
strain of Swinhoe pheasant (11), which he believes to be the Moor’ 
of a new variety. He also cites the so-called Eohomian pheasant 
as a mtitant from colchicus (mentioned by Tegetmeiei') and otlier 
indications of spontaneous change in this group. 

In his later publications Ghigi is inclined to include hybridism 
as a direct stimulation to actual change ( 18, p. 84) . For instajice, 
when the soimerat’s jungle fowl (f is crossed with ordinary 
hens of the farm-yard, the scaly and barred wing coverts of tlui 
wild male vanish and do not reappear in further crosses. Such 
a character is held recessive, but Ghigi thinks it may perhap.s 
manifest itself as a stimulus to change. 

As far as .sex-limited characters are concerned, Ghigi has not 
reported on reciprocal crosses. In his pheasant crosses (partic- 
ularly the bacij crosses) he finds no real evidence of paternal 
or maternal influences and in all crosses where a certain dorni- 
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nance is apparent he prefers to attribute it to a species character 
rather than to unequal sex transmission (13, p. 39). This would 
appear from ni}^ work to be the proper view, except that I have 
found an exception in the unlike reciprocal F 2 Amherst X Gold 
crosses and in the sterile reciprocal hybrids Reeves X torquatus 
(26). 

Airs. Haig-Thomas found (20) that in crossing 9 silver (nyc- 
themerus) pheasants with Swinhoe that in the F/s crossed 
back to the Swinhoe, the 9 Swinhoe plumage appeared in a 
pure state. Also in this back cross she obtained a pure cf 
Swinhoe and three hybrid or impure cT Swinhoes. In other 
words, there seems to have been some variation among the 
males. She concluded that the cf Swinhoe was a heterozygote 
for sex. 

It is interesting to note that Ghigi found silver X Swinhoe 
hybrids always sterile (9), though the females laid eggs. My 
own Fi hybrids from this cross are thus far partly sterile. 

In another experiment Mrs. Haig-Thomas crossed (21) c? 
versicolor and 9 formosans. She then back-crossed one of the 
9 hybrids to a cT versicolor, and obtained five females and two 
males. All the females were alike and very close to versicolor. 
The males (only two) showed some formosan characters. This 
was the- same result as in the previous Swinhoe-silver cross. 

Recently (22) the same writer has described further her work 
with the progeny of a cross cf Swinhoe X 9 silver pheasant. 
She mated an Fi 9 back to a silver cf* and one of the resulting 
females was again mated back to silver. In this generation of 
seven-eighths silver blood there appeared two birds, a male and a 
female which showed new characters and were called mutations. 
This pair was mated and produced another lot of ten birds some- 
what like their parents. This paper is confined almost entirely 
to the plumage of the female hybrids. 

It inay be remarked that the elements of this cross are very 
numerous. First, both the males and the females of the parent 
species diti'er widely. Second, the males assume adult plumage 
only in the second year and have a distinct primary plumage 
unlike the female, this being especially marked in the case of the 
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Swinhoe. Thus we have six different plumages and their transi- 
tions to consider. Furthermore, although .Mrs. Haig-d1ioinas 
does not appear to have encounteivd it, ixirtial or comi)lete 
sterility occurs in these hybrids and if present would without 
doubt effect the adult plumages (retard them). 

The following points only can lie noted. Xo pure silvers won' 
obtained, either male or female, in the second back {-ross to sih’or 
male (seven-eighths silver). Female Swinhoe chai'acters w("‘{' 
transmitted by the Swinhoe male through four gem'rations 
without . addition of Swinhoe Idood. The so-called mutants 
of the third generation produced offsjiiing mostly like themselves 
and the females were different from any others in the whole 
series. There was, however, .some sort of segregation among 
these ten birds and traces of Swinhoe parentage could be traced. 

Mrs. Haig-Thomas finds a condition in some of tliese hybiids 
which she calls ^pattern transference' the transference supposedly 
of certain markings from one area to another or even frr)m one 
sex to another sex. For instance, a pattern on the breast of one 
of the female hybrids looked like the flank ])attern of the young 
male silver in transition plumage. The e\udence for this int('r- 
change of patterns between the sexes seems hardly strong enough 
in this case, for the possibilities of variation and I'cvcrsion are 
too great to be ignored. 

Evidence is brought forward of two distinct ])i’cast and tail 
patterns in the females of silver {ffioasmits ^vhich seem to occur 
both in aviary and wild shot birds. It i.s not a clear-(‘ut di- 
morphism, but it might very easily further complicate this cross. 

Among ducks there is a very large number of described hybrids, 
some sterile, others fertile, but very little genetic work has been 
done on wild forms. In 1905 ( 2 ) J. L. Bonhote re])orted iijwn a 
series of complicated matings between the mallard, the ^pintail, 
the spot bill, the Australian duck and .Meller's duck. Although 
it is impossible to deduce any genetic facts from these matings, 
there are some interesting points in this work. In the second 
and third generations of Bonhote 's irigen' and ietragen’ combi- 
nations there was a distinct tendency towards certain types, and 
never variation enough to obscure the type to wliich the hybrid 
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belonged. Moreover, there occurred a sort of dimorphism in 
two cases (a dark and a light variety) which deserves notice. 
Two crosses were made as follows: 

{mallard X spot bill) X (pintail X mallard) 

(pintail X mallard) X [(mallard X spotbill) X maliardl 

The results in. these two crosses and in their offspring bred 
together seem to be the same. Both of them give rise to a light 
and dark form which is always apparent in infancy and affects 
both sexes. The dark form has more mallard characters, the 
light form more pintail. Inbreeding has only been possible 
with the light form, which has produced in the third generation 
a very light-colored bird looking like the eclipse plumage of the 
first generation. Mallard, characters are still present in the 
color of the chest and in the curly sex feathers of the tail. This 
third generation was very weak, and probably some of its 
^eclipse’ characters was due to partial or complete sterility. 
The tendency for these hybrids to vary along ^certain definite 
lines is of interest in considering the theory of Ghigi in dealing 
with complex species hybrids; that is, that there is present in 
species a tendency to certain definite stable hybrid combinations, 
not a mm sJiuiJling of characters. 

Another of Bonhote's crosses was the mallard-spot 7 b ill- Aus- 
tralian hybrid. The drakes fall into two classes, differing in 
the amount of mallard which they contain, and the second gener- 
ation male hybrids lose some of their male secondary sex characters 
as in the last ease. 

In 1909 (3) Bonhote described a remarkable duck, almost pure 
mallard, which originated from a fifth generation complex of spot- 
bill, pintail, mallard and Australian. This bird contained. 50 per 
cent Australian, 25 per cent mallard, 12 J per cent pintail, and 12| 
per ccAt spotbill. The only difference between this bird and a 
• pure mallard was said to be the rather more defined an4 pintail- 
like vermiculations on the flank feathers. Although this cer- 
tainly looks like a very remarkable case of segregration, it must 
be noticed - that both the Australian and the spotbill blood, 
representing 62| per cent, are of more or less neutral effect; 
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that is, they are both dark, plain-colored species with no second- 
ary sex characters, 

Goodale’s work on duck hybrids need not concern us, as it 
dealt with domestic varieties. However, Goodale found that in 
castrating domestic ducks with mallard plumage the males 
retained their full plumage, but lost the power of assuming the 
summer or ‘eclipse^ plumage’ (19). The castrated female gradu- 
ally a^umes a more or less complete’ male dress. He suggested 
that the female duck owed her plain color to some modifying 
element which prevents development of male color, and also 
that this modifier may be sometimes responsible for sex limited 
inheritance. 

As is well known, cases of females assuming male plumage are 
very common in domestic ducks, in pheasants, and in other game 
birds. Apparently it is always due to sterility or disease of 
ovaries. The converse, however, is very rare. Geoffrey Smith 
and Mrs. Haig-Thomas (28) reach the conclusion that assumption 
of hen’s plumage by the cock is rare and happens independent of 
disease or degeneration of the testes, being more in the nature 
of a transfer of sex characters. 

In my own aviaries I once had a pure golden pheasant which 
had a very rem^kable plumage. This bird was given to me, and 
lived only a short time, so that I do not know its pedigree. In 
appearance it seemed to have a very much exaggerated youthful 
male plumage, and looked entirely different from any stage of 
normal male or female plumage. Tt showed no evidence of 
hybridism. On dissection no trace of any sex organs could be 
detected in this bird, although unfortunately the abdomen was 
not in good condition at the time of post mortem. 

GENER.\L DISCUSSION 

In studying birds we are dealing with characters often #f (juite 
fundamental systematic importance. Color and pattern in 
birds, at least in wild species, are known to be a satisfactory 
basis for classification. In mammals color is notoriously un- 
reliable. The present study has been almost wholly an investi- 
gation into the inheritance of male secondary sex-characters. 
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In domestic birds the studies of Davenport arid others have 
demonstrated a number of clearly Alendelizing characters. 
8 ex-Iiiiked characters have also been described in canaries, pigeons, 
and fowls. 

In our study of wild forms we have found, however, a very 
different state of things. AYe have seen that characters often 
apparently clear-cut and antagoni.stic do not segregate clearly. 
For instance, in the cross- of golden with Amherst pheasants 
(not fully described here) the Fi has a mantle color practically 
pure Amherst although the pattern is intermediate. In F2 
and in back crosses to both parents, this mantle color shows 
every possible gradation from the Amherst pure white, to the 
almost pure orangc-red of the golden pheasant. There are no 
classes as might be expected frojii the dominance in Fi. .A%ain, 
in the Fi's the reticulated tail pattern of the golden pheasant is 
nearly dominant, but there follows very little segregation, and 
even in back crosses to Amherst this pattern of the golden per- 
sists in a ttnacious manner up to crosses containing only one- 
sixteenth or one-thirty-secondth of gold blood, as Ghigi has 
shown. 

There is some evidence that in closely related geographical 
races there is a nearer approach to orthodox Jlendelism, but 
this is never reached, even in back crosses, except occasionally in 
isolated characters or in the more undifferentiated plumages 
of the female sex. In species with unrelated character complexes 
there are only slight tendencies to a greater variation in F2 than 
in Fi, as is shown in the pintail X mallard cross, or the Australian 
X mallard cross. Such variation, comparable to that seen in 
size characters, may be explained as the manifestation of factor 
complexes, outwardly expressed in piumage characters, but not 
by any means necessarily specific units for these epidermal struc- 
tures alone. 

AA"e have found in the above crosses only two clear-cut char- 
acters, that of the ffreak' mallard and that of the ‘East India’ 
duck. Neither of these segregating units is in aiiy sense a species 
character, but closely resembles a large class of variations in 
domestic mammals and birds. 
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It is almost certain that the ordinary sub-species of tin* orni- 
thologist is very far from being a unit variation. 

Sex-linked inheritance is probably a feature of domestic iwcva 
in birds. In wild species thus far examined there is no (‘Icar 
e\ddence of unequal transmission by the sexes. Botli sex('s can 
carry the characters of the opposite sex through several genera- 
tions without an additional ^dose’ of the character in question. 
The case of the unequal Fo generations in the rocipro(‘al gold 
X Amherst cross is as yet unexplained and needs to l)e further 
verified. The difference in the sterile rcci])rocal lleevos x ring- 
neck cross (25) can probably be explained on oilier grounds 
than unequal sex transmission of parental plumages. 

A study of species hybrids in Idrds will satisfy any om^ that in 
almoet every feather region the minutest details of feather 
pattern and color show the influence of both parental mees. 
Only in sterile hybrids, or hybrids between distantly related 
forms, do we find hybrids that arc at all ])uzzling in appearance, 
as Ghigi has so often pointed out. In such liybrids we must 
often look for ’similarities in the youthfid, female, or ]) rim i five 
plumages. 

In crossing two species, only one of which is sex dimorphic, a 
more primitive type of male plumage is seen in the hybrids and 
in the back crosses. 

In the mallard, a condition closely resembling eclipse or summer 
plumage is brought out by crosses with the black duck. 

Far larger numbers than have yet been attained would be of 
great interest in selected species crosses in birds. 

I wish to thank Prof. W. E. Gasde for his kind assistaiu'o in 
preparing this paper. 
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INTRODUCTION 

During the past few years, while working with the rotifer 
Hydatiha senta, I have been constantly seeking som^ feature 
in regard to which the various parthenogenetic lines obviously 
differ. Owing* to tte rapidity of reproduction of this rotifer, 
and the comparative ease with which matings may be made 
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whenever males and sexual females are present, such a char- 
acteristic would furnish good material for the study of inherit- 
ance in what are probably the genetic equivalents of pure lines. 

Such a character was first found in the autumn of 1912. At 
that time I received, through the kindness of Mr. C. F. Rousselet, 
some fertilized eggs in dried mud scraped from the bottom of 
a duck pond in England., Almost simultaneously, Prof. J. H. 
Powers sent some living females collected on the campus of the 
University of Nebraska. It was at once apparent, when these 
rotifers were examined, that the eggs of the English line were 
smaller than those of the Nebraska line. Other characters in 
which the two lines differed were later discovered. The in- 
heritance of these characters through a number of generations 
is described in the following pages. 

I am much indebted to the gentlemen named above for the 
material received from them, as well as to Prof. T. H. Morgan 
for rotifers which were sent at the same time, but which are not 
involved in this investigation. 

DIFFERENTIATING CHARACTERS OF THE TWO LINES 
Difference in size of egg. 

The parthenogenetic eggs of the English line were distinctly 
smaller than those of the Nebraska line. Although the larger 
eggs of the former were larger than the smaller eggs of the latter 
line, each line varied about its own mode, and the difference 
between the modes was great enough to leave no doubt of its 
significance. Proof of this will be given presently. 

The parthenogenetic eggs of Hydatina are approximately 
ellipsoids. Length and breadth were therefore the measure- 
ments required. Measurements were made with a microscope, 
by means of an ocular micrometer attached to a screw; with a 
graduated head. The screw' was used to bring one of the marks 
of the micrometer tangent to one side or one end of the egg, and 
the measurement was read at the other side. Fractions of the 
finest divisions on the micrometer were estimated .to tenths. 
Owifig to the personal equation in detennining 'when one of the 
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lines was tangent to the egg, the estimate of fractions was found 
to be more accurate (that is, more uniform) than the use of the 
graduated screw head. All measurements were made with the 
same microscope and the same combination of lenses. Since 
only relative sizes are of importance here, the measurements 
have been left in terms pf the divisions of the micrometer. Abso> 
lute measurements, if desired, may be obtained, in millimeters, 
by multiplying the measure here given by 0.0082. 

Measurements were usually made without difficulty. The' 
eggs are as a rule cemented to some object, with their long axes 
parallel to the surface of the object. When they were attached 
to the bottom of the dish, they were in position to have both 
length and breadth measured. Practically all measurements 
were made of eggs on the bottom, though enough were taken at 
the surface film to make it certain that these did not differ in 
size from those at the bottom. If an egg did not lie in a hori- 
zontal position, that fact should be detected by the difference 
in focus of the two ends. In case of doubt as to position, the 
egg was moved with a needle, or measurement was not made. 

A necessary precaution regarding measurements of eggs must 
be mentioned. The late eggs of a female are a little larger than 
the early eggs, on the average. This is indicated in the summary 
given in tai>le 1. All the eggs laid by 11 females were measured 
and recorded in the order in which they were laid. Each family 
of eggs was then divided into tenths as nearly as possible, and the 
mean dimensions of the eggs in each tenth computed. As each 
family comprised 30 to 50 eggs, each tenth included 3 to 5 eggs. 
In table 1, it is shown that in family I, for example, the mean 
dimensions of the eggs of the first tenth of the family were 17.2 • 
X 14.2 ; in like manner, in family 6, the mean dimensions of the 
eggs in the eighth tenth were 16.3 X 14.4. The mean of these 
means is then computed for each tenth of the family. For the 
sake of more ready comparison, a volume coefficient has been , 
calculated as (Length) x (Breadth) ^ This does not give actual 
volume, even in units corresponding with the divisions of the mi- 
crometer, but it gives a volume coefficient, which is sufficient 
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TABLE 1 

ShowiTig relative size of eggs in different 'parts of ike same family. The unit oj 
measuremeTU is the finest division of an ocular micrometer 


MEAN DIMEN8I0NB OF £308 IN EACH TENTH OF FAHILT— -TENTHS 


FAMILY 


' 1 

2 j 

« 

3 

*4 

5 

1 

17.2X14.2 

16.3X13.8 

15.7X13.7 

15-9X13.7 

16.3X14.1 

2 

17.6X14,1 

17.4X14.6 

16.9X14.1 

18.2X14.9 

18.5X15.0 

3 

15.6X13.3 

16.1X13.2 

15.8X13,3 

16.1X13.9 

16.3X13,8 

4 

17.1X14.2 

17.1X14,1 

17.1X14.2 

17.6X14.7 

17.5X14.4 

5 

16.4X13.3 

15.4X13,5 

15.7X13.4 

15.6X13.1 

16.2X13.0 

6 

15.8X13.2 

15 6X13.5 

15.9^13.5 

16.1X13.7 

16,0X13.6 

7 

; 15.3X13.5 

15,6X13,4 

15.8X13.2 

15.9X13.3 

16.3X13.5 

8 

15.4X13.9 

15 7X13,1 

15.9X13.3 

16.2X13.6 

16.6X13.5 

.9 

16.0X13.2 

15,8X12.9 

16.1X13.4 

16.4X13.4 

16,1X13.8 

10 

17.2X14.6 

17.4X14,7 

17.4X14.9 

17.6X14.8 

17.3x;4.8 

11 

15.8X13.5 

15.3X13.6 

16.0X13.3 

15.8X13.9 

16.0X13 2 

Mean 

...' 16.3X13.7 

16.2X13.7 

16.2X13.7 

16.5X13.9 

1 16.6X13.9 

Volume 






coefficient.. . 

3059 

3041 

1 :3041 

1 

3188 

1 

1 3207 


MEAN DIMENSIONS Of EGGS I.'T BACH TENTH OF FAMILY- 

-TENTHS 

FAMILY 






e' 1 

7 

8 

Q 

10 

1 

16.5X14.0 

16.4X14.0 

16.5X13.9 

16*. 5X14.0 

16.8X14.0 

2 

18.5X15.0 

18.4X14.9 

18.8X14.8 

18.3X15.! 

18.5X14.7 

3 

16.2X13.8 

16.2X13.6 

17.2X14.3 

16,6X14.3 

17.1X13.9 

4 

17.9X14.9 

18.1X14.7 i 

18,3X14.5 

17.5X14.5 

19.5X15.0 

5 

16.5X13.0 

16,3X13.2 

17.0X13.0 

17.1X14.0 

16.8X14.0 

6 

16.2X14.0 

16.2X14.0 

16.3X14.4 

16.8X44.2 

17.4X14.3 

7 

16.1X13.7 

16.2X14.0 

16,7X14.2 

16.9X14.2 

17.1X14.0 

8 

16.5X13.7 

16.0X13.8 

16.3X13.8 

16,8X13.6 

16,9X14,0 

9 

16.3X13.8 

16.5X13.9 

16.2X13.7 

16.4X14.0 

16.9X13.3 

10 

17.6X15.2 

17,1X14.7 

17.5X14.9 

17.3X14.7 

17.6X14.7 

11 

16,0X13.5 

15.6X13.4, 

16.1X13.4 

16.4X13.3 

16.0X13.4 

Mean 

...; 16.8X14.1 

16.7X14.0 

17.0X14.1 

16.9X14.2 

17.3X14,1 

Volume 






coefficient.. . 

3340 

3273 

3380 

3408 

3439 
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where only relative volumes are of interest. Actual volume, in 
cubical units corresponding to the linear units of the micrometer, 

may be found by multiplying the coefficient of volume by 

Barring certain fluctuations, there is a gradual increase in the 
.size of the eggs with increasing age of the mother.. For this rea- 
son, all measurbments' mentioned below were made upon eggs 
of the first day’s laying in their respective families. 

The distribution of the measurements of the eggs of the two 
original lines is shown in tables 2 and 3. In these tables, in 

TABLE 2 


Showing ihe distribuiioji of the eggs of the A^ebraska Hue of Hydaiina seuUt, ioith 
respect to their length and breadth. The unit of meas^irement is the finest division 
of an ocular micrometer 


XtrjIBEROF , 

BOSS 07 1 


HUMBER OF 

EQG9 OP LENGTB8 GIVEN BELOW 

10.6 j 

20,0 

OITEN BB1.0W| 15-0 

16.5 

17.0 


17 5 

18.0 

18.5 

10 0 

13.5 j 1 

2 

1 





1 



14.0 1 2 

1 

12 


5 

8 

8 

■ 1 



14.5 ; 

-. 3 

12 


13 

10 

11 

5 


1 

15.0 1 1 


8 


13 

24 

7 

14 

3 


15.5 j 




* 2 

6 

1 

4 



16.0 





3 

2 


1 j 


Number of eggs 

measured, 185; 

mean length, 17.90 =*= 0.058; mean breadth, 

14.69 * 0.043;^ ctl = 

0.786 

^ 0.041; itb 

= 0.590 ± 0.030. 




* 


TABLE 3 






Showing the distribution of the eggs of the English line oj Hydatina seniOf 

with 

respect to their length and breadth. 

The unit of measufement 

is the finesPdii 

ision 

of an ocular micrometer 









HUMBER or { 


NUMBER Of 

EGGS OF LENGTHS GIVEN BELOW 



BBEADTHS 

— 

— - - 




. - 




HI YEN' below; 14.5 

15.0 

\ 15.5 


16,0 

16.5 

1 

17.0 

17.5 

18.0 

13.0 

2 

’ 4 


13 

8 i 

3 

1 


13.5 ! 

3 

i ^ 


17 

10 i 

2 



140 3 

1 

7 


■ 18 

16 ' 

28 

6 

3 

14.5 


; 2 


4 

6 1 

5 

4 

4 

15.0 j 

i • 




1 

j 

2 


1 


Number of eggs measured, 182; mean length, 16.40 ± 0.060; mean breadth, • 
13.81 ± 0.039; = 0.804 =t 0.042; jb = 0,522 ± 0.028. 
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order to increase the number of eggs in each size class, the class 
•interval is taken as one-half the finest division of the ocular 
micrometer. All eggs recorded in my notes as measuring 16.3 
to 16.7, inclusive, appear in these tables as measuring 16.5; 
all first recorded ^6.8 to 17.2, inclusive, are here given as 17. 

The mean dimensions of the English eggs are (16.40 ^ 0.060) X 
(13.81 0.039). Those of the Nebraska line are (17.90 ± 0.058) 

X (14.69=^0.043). The difference between the mean lengths 
is 1.50 =*= 0.083 ; the difference between the mean breadths is 0.88 ± 
0.058. The difference is 18 times its mean error in the former 
case, 15 times its error in the latter; hence there can be no Soubt 
that the differences are significant. 

Difference in time of egg development 

When two lots of eggs laid at the same time, one by the En^ish 
line, the' other by the Nebraska line, were reared to hatching, 
it was noted that those of the Nebraska line invariably began 
to hatch first. The time of development was more accurately 
determined for each line in the following manner. A number 
of females were placed together in a dish, and allowed to remain 
twenty minutes to an hour and a half. At the end of that time 
the females were removed. The eggs laid iji the dish were pre- 
served, and after a period of about twelve hours were examined 
every half hour, or thereabouts. As the young females hatched, 
they were removed and counted. Record was kept of the time 
in which the eggs were laid, and the time at which each lot of 
young females was later removed. It is assumed that the eggs 
were laid uniformly throughout the period of laying, and that, 
for the purpose of computing the mean time of development, 
the middle of the laying period may be taken as the time of lay- 
ing of all the eggs. Likewise, the females removed at each later 
examination were reckoned as having hatched at the middle of 
the period elapsing since the last preceding examination. This 
method of determining the time of egg development introduces 
some errors, but when large numbers of eggs were u§ed the errors 
could not have affected the mean to any great extent. It does 



INHERITANCE IN HYDATINA 


151 


affect the variability of the time of development, as is explained 
below. 

Records of the time of development were kept at four differ- 
ent times during the whole investigation. The mean time of 
development, as might be expected, is not the same in all these 
periods. The four sets of records are therefore kept separate. 
Tables 4 and 5 show the results obtained. The time of develop- 
ment is given in table 4 to the nearest hour. 

In July, the mean time of development of the*eggs of the Eng- 
lish line was 14.98 =*= 0.21 hours; of the Nebraska line, 13.33 =*= 0.08 
hours. The difference between the two means, as shown in the 


TABI.E 4 


Showing the dislribution oj the eggs of the English and Nebraska tines of Ih/datiun 
senta, vnth respect to the time required for development 



DATK 


TIME OF EGQ Development, in 

HOUEtS 




12 

13 

14 

15 

16 

17 

18 j 19 

20 

*Eng. 

July 


21 

23 

15 

10 

6 

. 1 

4! 2 

3 


Nov 



3 

G 

9 

10 

81 5 

0 


Dec 



1 

3 

7 

6 

» 4 

2 


Mar.- Apr 




2 

6 

4 

10; 11 

9 

Neb. 

1 July... . 

18 

7o 

21 

19 

1 


! 



■Nov 


2 

10 

28 

U 





Dec 


1 

10 ' 

38 i 

I 





Mar .-Apr 



1 1 

20 I 

IS ■ 

15 j 

8 

1 



21 i 22 

1 i 

4 i 

3 ; 1 

4 I 1 


23 


I 


TABLE 5 


Showing mean time of development^ and variability of time of development, of the 
eggs of the English and Nebraska lines of Ilydatina senia, as computed from table 4 


LINE 

DATE 

«» 
w 3 
n o 
aw 

p h 
zo 

MEAN TIME OF 

development, 

IN HOURS 

8T.VNDAHD 
DEVIATION OF 
TIME OF 
DEVELOPMENT 

EXCESS OF MEAN 
OVER THAT 
OF.ENGI.ISH LINE 

EXCESS OF STAND- 
ARD DEVIATION 

OVER THAT 

OF ENGLISH LINE 

Eng. 

July 

85 

14.98=^0.21 

1.94=fc0.1o 




Nov 

51 

17.08^0.24 

1.72=^0.17 




Dec 

35 

17.65±0.33 

1.94=t0.23 




Mar.-Apr. 

: 44 

18.55=^0.28 

1.87 ±0.20 



Neb. 

ijuly 

|l34. 

13.33±0.08 

0.90±0.06 

— 1 - 65 ± 0 . 22 

■ -1 04*0.16 


' Nov 

' 54 

lo.00±0.l0 

0.77±0.07 

-2.08*0.26 

-0.95*0.18 


1 Dec t, . . 

83 

15.23=t0.10; 

0.92±0.07 

-2,43*0.34 

-1.02*0.24 


j Mar.-Apr... 

62 

16.15±0.14: 

1 1.06±0.10 

-2 40*0.31 

-0.81*0.22 
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sixth column of table 5, is nearly eight times its mean error, hence 
there can be no doubt of its significance. In November, the 
time of development was greater for both lines, but again that 
of the English line was greater than that of the Nebraska eggs. 
December and March to April gave siniilar results. The reasons 
for the greater time required for development in the later deter- 
minations have not been fully determined, though temperature 
is a potent factor. 

Another strikihg fact shown in tables ^ and 5 is that the varia- 
bility of the time of development is greater in the English line 
than in the Nebraska line. This was a matter of frequent 
observation throughout the experiments. ‘ A lot of Nebraska 
eggs laid in a period of twenty minutes were practically all 
hatched within a period of an hour; English eggs, on the other 
hand, if laid in a period of twenty minutes, hatched irregularly 
over a period of four or fiye hours. The contrast between the 
two degrees of variability was much more striking . Hian the 
standard deviation here given would indicate. There are two* 
reasons for this. First,- when' the eggs of a given lot were laid 
during a period of an hour and a half, the period of hatching was 
necessarily greater than when the eggs were laid in twenty 
minutes. As this erroneous increase was as great for the Ne- 
braska line as for the English line, the. ratio of the standard 
deviation of the latter to that of the former was diminished 

(because l^ss than where y is greater than x and 

m is a positive quantity). Second, within the month of July, 
for example, the time of development was not the same on all 
days. In order that the results might be handled statistically, 
all these daily records have been combined. There is thus created 
an appearance of variability that would be diminished if all the 
determinations had been made On one ^ay, or under one set of 
conditions. 

The difference between the standard deviations of the time 
of development of the two lines is, according to table 5, four to 
six times its mean error. Since, for the two reasonfe given above, 
both standard deviations are too high, and their mean elrrors are 



V INHERITANCE IN HYDATINA 


153 


therefore also too high, the difference between the two standard 
deviations should exceed its own mean error more than table 5 
indicates. It seems certain, therefore, that the difference is 

significant. 

^ Difference in rate of egg production 

The rate of egg .production was found at once to be unequal 
in the two lines, when thej^ were reared side by side under the 
same conditions. Every day more young females were isolated 
from the dishes containing the English females than from those 
of the Nebraska line. The difference in the rate of egg laying 
was determined as follows. A given small number of females, 
all of whiclrwere known to have begun laying, were put into a 

TABLE 6 

Showing* rate oj egg laying oj the English and W biaskn linefi of Hydatina sentn 




English... 

Nebraska. 

dish, and removed a day or two later. The number of eggs 
laid in that time was determined by counting the females that 
hatched from them later. If, as happened several times, any 
of the adult females whose egg laying was being tested, died 
before removal, or showed by their condition that they had not 
been laying eggs recently, the dish containing them wa^ rejected. 
The dishes usually contained only two or three females, in order 
that the conditions might remain at the optimum fo;* a longer 
period. The results are summarized in table 6. 

In table 6, the number in column four iS the product of those 
in columns two and three. The number in the sixth column is 
obtained by dividing the number of eggs in the fifth column by 
the number of days in the fourth column. The volume coeffi- 
cient in the seventh column is computed from the mean dimen- 



1.99 
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p a 0 


27 8G 
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4C,845 

47,189 
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sions of the eggs of the respective lines, as given in tables 2 and 3, 
and i^ calculated in the manner described for table 1. Tlie 
number in the last column is the product of the numbers in the 
two next preceding columns. Other determinations of the rate 
of egg production in the same lines were made at a latey date, 
and used as controls, as shown in table 13; but because no eggs 
of these lines were then being measured, the counts are not in- 
eluded in table 6, where egg volumes are concerned. 

From the last column of table 6 it appears that the aggregate 
volume of egg substance produced in a day by an English female 
was nearly as much as that produced by a Nebraska female. The 
smaller size of the English eggs is not due, therefore, to 'a slower 
rate of metabolism involved in egg production, but to a tendency 
to put up‘ the same quantity of substance in smaller packages. 

Diference in place of egg laying 

While measurements of eggs were being made, it was noted 
that almost invariably most of the Nebraska eggs were cemented 
to the bottom of the dish, whereas a large proportion of the 
English eggs were held at the surface film of the water. Measure- 
ment of this feature of the lines was made as follows. Into each 
of two dishes, and in equal quantities of water, were put approxi- 
mately equal numbers of females of the two lines, respectively. 
They were left in the dishes during the same period of time. An 
effort was made to provide food that would not float at the sur- 
face film nor adhere to it, so that eggs might be laid elsewhere. 

Table 7 shows the number of eggs found at the bottom of these 
dishes, and at the surface of the water. Counts were made in 
both lines on the same days, at intervals from July to December, 
1913, and again in March and June, 1914, partly on the same days. 

The determinations made from July to December show a 
much higher percentage of eggs at the surface in the English 
line than in the Nebraska line. I know of no satisfactory way 
of handling statistically the records of the location of eggs, in 
order to prove that the difference between the lines is significant. 
Had all the counts been made on one day, or under one set of 
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conditions, statistical treatment would be simple, Simultaneous 
tests were made in both lines, as shown in table 7, on 16 . different 
days. If, as seems practically certain, the location of the eggs 
is affected by external conditions, there should be, from day to 
day, a fluctuation of the percentage of the eggs at the surface. 
Such a fluctuation does, in fact, appear in the records. The 
count for each day might serve, therefore, as a unit. But 16 
units are too few for statistical treatment; and there is the fur- 
ther objection that, though the percentage of eggs fluctuated, 
it usually shifted in the same direction in both lines. When an 
unusually large number of eggs were at the surface in the English 
line, the Nebraska line also showed in most cases more than the 

TABLE 7 

Showijig numbeT of eggs laid o?i bottoin of disk and at surface film of walcr^ bg (he 
English and Nebraska tines of Hydaiina scnla 


EffOI lSH LlNli: NKBRA8K.V LINE 


July 19,1913. 

20 

21 

22 

23 

25 

27 

28 

29 

30 

Aug. 1 

2 

Oct. 5 

Nov. 16 

Dec. 8 

Mar.16, 1914 


June 9 


12 


Number I Niiniber ! ^ : 

of eggs at of eggs at i cent at 
: surface : 


29 

60 

4S 

68 

53 

154 

68 

26 

97 

15 
99 
67 
10 
21 

16 


84 

86 

132 

68 


! 135 

! 0 

i 10 

I 64 

I 66 

I 3 

i 82 

,j 0 

74 

88 

81 

28 

34 

33 


21 

10 


54.1 


88,9 


Number 
of eggs at 
.surface 

15 

0 

12 

10 

9 

22 

21 

0 

18 

0 

6 

0 

0 

3 

2 

23 

30 

15 

32 

20 


Number 
of egga at 
bottom 


34 

142 

33 

47 

108 

110 

66 

42 

71 

89 

75 

76 
27 
67 
80, 
1A 
62 
82 
146 

75 


Per cent a1 
surface 


9.9 


21.4 
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average number at the surface (see July 19, 21/ 22,, 25, 27, and 
29) . Fewer than the average number at the surface also appeared 
in both lines on the same days (see July 20, 28, 30, August 2, 
October 5, November 16, and December 8). If this correspond- 
ence in the fluctuation of the two lines were ignored, and each 
day's count used as a unit for statistical treatment, there might 
be thereby created an appearance of fluctuation so great that the 
mean error would cast doubt upon the significance of the differ- 
ence of the means of the two lines. In view of the fact that both 
lines usually shifted in the same direction, and every day showed 
a difference of the same sign, such a doubt can scarcely be 
entertained. . 

What physiological factors cause tha eggs of one line to be laid 
at the surface, those of the other at the bottom, have not been 
determined. It may be that the fundamental cause is the de- 
mand for oxygen. I owe to Dr. 0. C. Glaser the suggestion that 
the difference in the location of the eggs may be due to a differ- 
ence in the permeability of the body of the females. Some 
brief experiments to test this supposition do not support the view, 
though the tests can not be regarded as conclusive. Healthy 
females of both lines, all of about the same^ age, were placed 
^multaneously in a A solution of lithium chloride, and examined 
at intervals Of one minute until all muscular movement ceased. 
Ciliary movement continued longer, but as it was hard to decide 
when it stopped, that movement was ignored. On different 
days, the time required to kill the rotifers varied from 19 to 26 
minutes; but on the same day, the time required to stop muscular 
activity ’was almost exactly the same, to the minute, in both 
lines. Only about a .dozen females of each line were tested with 
lithium chloride. A few similar tests with 0.5 per cent solution 
of sodium chloride gave essentially the same results, but the time 
was longer. Further discussion of permeability as affecting other 
characters than the location of the eggs is given beyond. 

Some brief preliminary experiments indicate that, of external 
agents,* temperature modifies the proportion of the eggs laid at 
the surface. 
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^ Difference in contmctility of the foot mmcks 

A series of muscle bands extends from the sides of the body to 
the foot; enabling the animal to telescope the foot more or less 
completely within the rest of the body. When a humber of 
females were killed in Bouin’s fluid, it was found that the foot 
of the Nebraska females was retracted, on the average^much 
more fully than that of the English females. I thought at first 
that this might be due to the mechanical effect of a difference 
in the si^e of the body. The Nebraska females were noticeably 
larger than the English rotifers, a difference which can not well 
be measured in the living females, and which is not therefore 
discussed under a separate caption. Since, before killing the 
rotifers in Bouin^s fluid, as much water as possible wnis first 
drawn off, it seemed possible that the larger bodies of the Ne- 
braska females were caught more firmly between the surface 
film of water and the bottom of the dish, and that this mechanical 
stiihulus resulted in the greater contraction of the’ muscles of the 
one line. This was shown not to be the case, however, by com- 
paring young Nebraska females with old English females, the 
latter being the larger. The Nebraska females again showed the 
greater degree of foot retraction. Further* proof that the re- 
traction was not due to the mechanical stimulus of the film of 
water was found in the behavior of the rotifers when subjected 
to various salts. The rotifers w^ere, in these tests, in an abund- 
ance of water, hence there was no disturbance by the surface 
film. The Nebraska females responded to all these cheniical 
stimuli, if of the proper strength, by first retracting the foot 
wholly within the body, and resting for a time on the bottom of 
the dish. After they resumed swnmming, they squirmed at 
frequent intervals and partly or wholly retracted the foot for 
a short time. The English rotifers, on the other hand, while 
performing moderate squirming movements, did not usually 
retract -the foot within the body. It seems necessary to assume, 
therefore, that the two lines differed in the degree to w^hich their 
foot muscles responded to stimuli. 
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To measure this quantitative character, iif the absence of 
any natural units of measurement, the following classes or de- 
grees of contraction were arbitrarily established. 1. Fully 
extended, sides of foot smooth, 2. Slightly contracted, sides 
of foot somewhat wrinkled. 3. Moderately contracted, but 
with toes wholly protruding from the body, 4. Greatly con- 
tracted, toes partly or wholly concealed within the body. All 
tests recorded were made by killing the animals in Bouin^s fluid, 
because specimens w^ere being preserved for cytological study. 

TABLE 8 


Skovnng disiribulion oj the females of the English and Nebraska lines of Hydatina 
senia, icith respect to the degree of contraction of the foot muscles {see text for 
further description of class numbers) 



i NUMBER OF FEMALES SHOWING 
^ FOLLOWING DEGREES OF 

CONTRACTION , 





LINE 

1 

; ! 

' 2 
‘ >.TJ 

.a 

is 

Moderately 

contracted 

4 

oS , 

TOTAL 

NUM- 
BER OF 

9 9 

MEAN CLASS 
NUMBER 

STANDARD DEVI- 
ATION j 

EXCESS OF MEA.V 
OVER THAT OF 
ENOUBH LINE 

Eng 

34 

13 

1 

3 1 

1 

' 1 

51 

1.39±0.101 

0.72=t0.071 


Neb.... 

1 

,5 

25 

81 

j 112 

3.66±0.057 

0.61^0.040 

+2,27 ±0.116 


Table 8 shows the number of these fixed specimens falling within 
each of the above four classes. The mean class number of the 
English line is 1.39 ± 0.101, that of the Nebraska line, 3.66 =±= 0.057. 
The difference between these means, as shown in the last column 
of table 8, is nearly 20 times its mean error, which leaves little 
doubt of the significance of the difference. 

INHERITANCE ‘OF DIFFERENTIATING CHARACTERS 

Reciprocal crosses between the English and Nebraska lines 
vere effected with some difficulty. Mating was not infrequently 
observed, but the number of sexual females, and hence also 
of males, was quite small in both lines, so that the simultaneous 
occurrence of males in one line and sexual females in the other 
was not common. Furthermore, many matings were failures; 
the female of a pair often proved to be sexual, but her eggs had 
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not been fertilized. The difficulty with whicli fertilization was 
brought about was new to me, and may indicate some degree of 
incompatibility between the lines. 

A more serious obstacle to crossing was the fact that only a 
small percentage of the fertilized eggs hatched. The proportion 
of viable eggs is, as I have shown elsewhere (Shull '13), a heritable 
character, and varies in different lines. In the lines here described 
and in all their progeny, the proportion of viable eggs was small. 
Many ways have been tried to cause the eggs to hatch, but so 
far without success. Hatching may be prevented, and it ina>' be 
hastened, but no way of inducing it has been discovered. 

Notwithstanding these difficulties, enough results have been 
obtained to be of some theoretical interest. Four successive 
generations in the direct line have been obtained, and two genera- 
tions from a back cross.* No viable eggs were obtained from the 
last of these generations. Table 9 presents in concise form the 
relationship of all the lines studied. All lines except the original 
parent lines are designated by numbers. It is seen that in Fi 
six viable lines were obtained, out of about 60 fertilized eggs. 
Fortunately, these six lines include representatives of both 
reciprocal crosses. In F 2 , six viable lines were secured from about 
48 fertilized eggs. In Fa, 15 lines from about 80 fertilized eggs, 
and so on. By Fa back cross I mean the progeny obtained by 
crossing an F 2 with one of its grandparental lines, as is explained 
in the table. For convenience, the inheritance of all the differ- 
entiating characters of the original lines is shown in tabular form, 
in the same order as in table 9. 

Each differentiating trait will now be taken up in turn, and its 
inheritance through the various lines presented. 

Inheritance of size of egg 

Table 10 gives, in summary form, the results of the measure- 
ments of the eggs in all the lines studied. By including in this 
table the standard deviation of both length and breadth, it is 
beheved that the distribution of the eggs of each line, with regard 
to their dimensions, is sufficiently described. It is not necessary, 
therefore, to tabulate each line separately, as was done for the 
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English and Nebraska lines. With the aid of table tHe re- 
lationship of each line to all the rest may be easily discovered, 
and the significance of the results here presented readily umler- 
stood. Lines ,95 to 99, inclusive, died out because of unfavor- 
able conditions before their eggs were measured. Line 48. 
from the fertilized inbred eggs of the Nebraska line, coinprised 
only one adult female, which laid five eggs. None of the females 
hatching from these eggs reached maturity. The mean dimen- 
sions of the five eggs were 17.9 X 14.2, 6 r almost as large as the 
Nebraska eggs. In line 104, only seven eggs w^ere measured, 
the' mean dimensions of these being 18.8 X 15.7. In the remain- 
ing lines an adequate number of eggs was measured. 

Attention should be directed to the following points, most 
readily shown in the last two columns of table 10. Lines 80 and 
81, from inbred eggs of the English line, laid eggs that did not 
differ materially from those of the English line; certainly they 
were not any larger. The three lines derived from crosses be- 
tween the English and Nebraska lines (44, 47, and 49) were .all 
practically the same, in egg size, as the English line, as if small 
egg size were dominant. These three lines as shown in table 9, 
represent both reciprocal crosses. 

All F 2 lines laid eggs at least as small as the English eggs. There 
is no evidence of inheritance from the large-egged Nebraska 
line. There is no appearance of segregation, with respect to 
egg size, in F 2 . 

In all F 3 lines except line 61, the eggs are of practically the 
same size as the English eggs. line 61 laid eggs somewhat 
longer. The difference between line 61 and the English line is 
more than eight times its mean error, and is probably signifi- 
cant, especially in view of the results in F 4 . In Fg, then, the 
only evidence of inheritance of size of egg from the Nebraska 
line is in line 61 r 

In F 4 , the lines are probably not significantly different from the 
English line, except line 75, and perhaps line 79. In the former, 
the excess of the length of the eggs over that .ot the English eggs 
was nearly six times its mean error; in the latter the difference in 
breadth was five times its mean error. I believe these results 
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TABLE 9 


Showing origin and relationship of all parthmogencdc lines of Ilijdalina senth 
whose inheritance is described in the text. All lines except the first parental lines 
are designated bij nutnbers 


qbnrra- 

TION 

NCM- 

BSBOr 

F«a- 

TILIEED 

EOOB 

*ni;mber 8 of 

LINES 

Pi 

‘ 

English * 
Nebraska 

Fi 

60 

48 

80, 81 



44 . 



47, 49 i 

F 2 

48 

50 5 

51, 54 i 

55, 56, 57 j 

Fj 

80 

58, 59, 60, 61, 
62, 63, 66 , 
67, 68 , 69, 
70,' 71, 72... 
64 



65 

F 4 

45 I 

1 

73 - 


74 



75, 76, 77, 78, 
.79 




Fa 

back- 

56 

82, 83, 84, 85, 
*86 

cross 



F^ from 
back- 
cross 

114 

87, 88,89, 108.. 
90, 91, 92, 93, 
94,95,96, 97, 
98, 99, 100, 
102, 103,104, 
105, 106, 107. 

101 ... f 

— 




ORIGIN' OF LINES 


From fertilizcil of inbred 9 of Xeb. line 
From fertilizeii of inbred 9 9 of Kng. line 
From fertilized of 9 of Nid). line, crossed 
with of Eng, line 

From fertilized eggs of 9 9 of Eng. line crossed 
with d' (x of Xeb. line 

From fertilized egg of inbred 9 of line 49 
From fertilized eggs of inlired 9 9 of line U 
From fertilized eggs of inbred 9 9 of line 47 


From fertilizoil eggs of inbred 9 9 of line 
From fertilized egg of inbred 9 of line 57 

From fertilized egg of inbred 9 of lino TjO 

From fertilized egg of inbred 9 of line 64 

From fertilized egg of inbred 9 of lino 50 

From fertilized eggs of inbred 9 9 of lino 61 


From fertilized eggs of 9 9 of line 56, crossed 
with dd of Xeb. line 


From fertilized eggs of inbred 9 9 of line 84 


From fertilized eggs of inbred 9 9 of line 85 
From fertilized egg of inbred 9 of line 82 


THE journal OF BXrJEniUENTALZOdLOGT.VOI . 18, NO. 1 



162 


A. FRANKLIN SHULL 


TABLE 10 

Showing size of egg and vanahility of size of egg, of the lines of HydatiM tenia 


• 




described 

in this paper 



§ ! 

h’ 1 


JS ® 

O u 1 

o S 

« P , 

MEAN' 

MEAN 1 

STANDABD : 8TA.VDARD 
DEVIATION , DEVIATION 

EXCESS OF 
MEAN LENGTH 
OVER THAT 

EXCnSOF 
MEAN BBBADTB 
OVER THAT 

y. 

0^ ! 

I.ENOTH 

BBEA1>TH 1 

OF OF 

OF ENOLIBH 

OF ENQUBR 

Z 1 

0 ,j 

oS ; 

i 



LENGTH ; BREADTH 

LINK 

UNS 

Pi '] 

2ng. , 

182 ! 

1 

16,40±0,060 ; 

13.81*0.039 

0. 80 *0.042- 0.52 *0.028 


+ 


S^eb. 

185 ! 

17.90=*=0.058 i 

14.69 * 0.043 

0.79 *0.04l| 0 59 *0.030 

+1 .50*0.083 

+0^0^058 

Ft 

48 

5 

(see text) 




■■ ■ ' . i 


80 

57 

16.09± 0.062 ! 

13.62 * 0.042 

0.47 * 0.044 0.32 *0-030 

-0.31*0.086 

1-0.19*0.657 


81 

37 

I6.19± 0.092 i 

13.58 *0.060 

0.56 * 0.065 0.37 *0.042 

-0.21*0.109 

-0.23*0.071 


44 

140 

16.41=^0-060 i 13.B4=fc0.040 

0.71*0.042 0.48 *0,028 

+0.01*0.084 

+0.03*0.056 


47 

144 

16.36± 0.052 ! 

13.87*0.037 

0.62*0.037; 0.45 * 0.026 

-0.04 * 0.079 

+0.06*0.054 


40 

38 

16.20±0.154 ; 

13.71*0.092 

0.95 *0.109 0.57 * 0.0651 -0.20* 0.165 

-0.10*0.100 

Fj 

50 

258 

16.28±0.047 

13.62*0.030 ; 0.75 * 0.033 0.49 *0.021 

-0.12*0.076 

-0.19*0.049 


51 

64 

16.11^0,070 

13.56 *0.052 

0.56 *0,049 0.41*0.037, -0.29 *0.092 

-0,38 * 0.065 


54 

147 

15.96±0.050 

13.50*0.034 

0. 6J*0. 035, 0,41*0. 024|' -0.44*0.0^ ] 

-0.31*0.a52 


55 

65 

16,15=^0.069 

13. 63*0. 05* 

0.56 * 0.049 0.46 *0 040; 5-0.25 *0.091' 

-0.18*0.069 


56 

59 

16.36*0.079 

13,76*0.065 

0.61*0.056 0.50 * 0,046 -0.04 *0.099 

-0.05 * 0,076 


57 

72 

16.49*0.077 

13.74 *0,053 

0.65*0.054 0.45*D.037| +0.09 * 0.097 

-0,08*0.066 

Fi 

58 

93 

16-51*0.077 

13.88 * 0,058 

0,74±0 054 0.56 * 0,041 +0.11*0.097 

+0.07 *0,070 


50 

75 

16.44 * 0.080 

13.74 * 0,067 

p. 69 * 0. 057 0.58 * 0,047: +0.04 *0.100 

-0.07 *0.077 


60 

77 

16.41*0.070 

13.77*0.053 

0.61*0.049 0, 46 *0.036; +0.01*0.092 

-0.04 * 0.065 


61 

114 

17.14*0.067 

13,85 * 0.049 

0.71*0.047 0.52 *0.034 +0.74 *0.090 

+0.04 *0.063 


62 

110 

16.37*0.066 

13.75*0,048 

0.70*0.047 0.50*0.034! -0.03 * 0.089 

-0;06 *0.061 


! 63 

1 91 

16.38*0.078 

13.68*0.049 

0.74*0.055 0.47*0.035 '-0.02 * 0.098 

-.0.13*0.063 * 


i 66 

127 

16,38*0,059 

13.70*0.042 

' 0.66 * 0.042 0.48 * 0.030 - 0.02 *0,084 

1 -0.11*0,057 


; 67 

1 106 

16.33*0.965 

13.76*0.044 

0,67 * 0.046 0.45 * 0.031 -0.07 ±0t088 

l -0.06*0.059 


1 68 

55 

16.53*0.106 

13.59*0.060 

i 0.78 * 0.075 0,44 * 0.042 +0.13 *0.122 

1 -0.22*0.071 


i 69 

: 68 

16.47*0.079 

13.71*0.054 

; 0.65 * 0.056 0.45 * 0.038 + 0.07 *0.009 

I -0.10* 0 067 


1 70 

: 82 

16.45*0.083 

13.05*0.052 

; 0.75*0.059 0.47*0,037 +0.05*0.102 

, -0,18*0-06^. 


i 

93 

1 16.40*0.085 

13.65*0.046 

0 82 * 0.060 0.45 * 0.033 * 0.00*0.104 

-0.10*0.060 


' 72 

90 

i 16,26*0.077 

13.69 * 0,043 

0.73*0,054 0.40*0.030 -0.14*0 097 

; -0,12*6,058 


j 64 

99 

' 16,38*0.072 

13.70 * 0.059 

0.72 * 0.051 0.58 * 0 042 - 0 02 * 0-094 

! . -011*0.071 


; 65 

■ 99 

i 16.18*0,079 

1 13.83*0,046 

; 0.78 * 0.056 0.46 * 0.033i -0.22*0,099 

1 +o.32i±o.o(ib 

F4 

! 73 

: 67 

I 16,36*0.083 

: 13.74*0.048 

! 0.68 *0.059 0,40 * 0.034; -0.04*0.102 

i -0 07*0.061 

i 74 

91 

; 16.62*0.086 

i 13.87 + 0.046 

0.82 * 0-061 0.44 * 0.033; +0.22*0.104 

+0,06 *0.060 


1 75 

: 100 

: 17.01*0.085 

!3 95 *0.044 

i 0.85*0.^bo 0.44*0.031' +0.61*0.104 

1 +0.14*0.059 


1 76 

118 

1 16.38+0,065 

i 14.07 * 0,046 

! 0.71*0.046 0.50*0.^31 -0,02 * 0.088 | +0.26*0.060 


: 77 

: 136 

1 16,18*0.058 

' 13.79*0.038 

; 0.69*0.041. 0.45*0.027! -0.22 *0-083 

-0.02*0.054 


i 78 

60 

i 16.52*0.090 

i 13.87 * 0.052 

■ 0.70 * 0.064 0.40 * 0-037! +0.12*0.108 

.+0.06*0.065 


1 

’ : 70 

i 16.86*0,118 

; 14.23*0.076 

0 99*0.083 0,64 * 0.054 +0,48 *0.132 

+0.42*0.085 

Fj 

1 82 

i i 57 

|'l6.5l±0.080 

i 14.04 * 0.043 

0.60 *0.057 0.32 * 0 030i +0.11*0:i00 

+0.43 *0-058 


J S3 

; 59 

1 15.95*0.059 

13.81*0.062 

0.45 * 0.042 0 48 *0.0441 -0.45 *0.084 

0.jp0*0.073 

cross 

]• 84 59 

: 16,00 * 0.063 

■ 13.87*0.048 

0.49 * 0.045 0 37 * 0,034 - 0.40* 0.087 

+0.00*0,061 

1 85 . 66 

1 16,32*0.068 

i 14. 03*0, 039 

: 0 55 * 0.048 0.31*0.028; -0.08 * 0.091 

+0.22*0.056 


I 

' 62 

: j 16.43*0,059 

*•13.92 * 0 039 0.46 * 0.042: 0.31*0.028; +0.03 *0.084 

+0.11*0.053 

F4 

1 8 

^ 81 

, !■16.29*0.054 

13.^*0.038 ' 0.49*0.038' 0 35*0,027; *-0.11*0.081 

-0.13*0.054 

from 

1 81 

: 81 

, : 16.27*0,054 

' 13.51*0.040 : 0.49 *0.038! 0.36*0 028; -0.13*0.081 

-0.30*0.056 

back 

-i 8 

6" 

' 1 16.29*0.054 

: 13.71*0.046 : 0.44 * 0.038 0.38 * 0.033| -0.11*0.081 

_0. 10*0. 060 

cross 

1 108 ' 6^ 

' 10 80*0.070 ■ 13.76*0.045 ; 0. 56*0. 049! 0.36*0.fl82| +0 40* 0.092 

-0-ifi*0 059 
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TABIJE 10— Continued 


1 

i 

a 

i 

1 

sH 
y S 

M p 

Ofl 

653 

K 

MEAN 

fcEKGTH 

MEAN 

BEEADTH 

ST.^NT)AKD 

deviation 

OF 

LEXOTH 

STANDARD 

DEVIATION 

OF. 

BREADTH 

BEcesa OP 
MEAN LENOTH 
OVEKTHAT 

Of ENQLISH 
■ LINE 

axcEu OP 

MEAN BESADTB 
OVEK THAT 

OP ENOLtSU 

LI NE 

Fi 

90 

64 

18.23 * 0.096 

14.68 * 0.069 

0,77 * 0.068 

0 . 55*0 049 

+ 1 83 * 0,113 

+ 0 , 87*0 079 

from 

91 

70 

' 16 . 36 * 0.060 

13 , 61 * 0.045 

0 50 * 0.042 

0 . 38 * 0.032 

- 0.04 * 0 084 

-0 20 * 0 059 

back' 

92 

49 

16.27 * 0.076 

13 . 51 * 0.047 

0.53 * 0.054 

0 . 33 * 0,033 

- 0 . 13 * 0.097 

-0 30 * 0 061 

croa* 

03 

49 

18*.61 * 0,131 

14 . 91*0 076 

0 . 92 * 0.093 

0 . 53 * 0.054 

+2 21*0 144 

+ 1 . 10 * 0,085 


94 

49 

18 . 51 * 0.084 

14.79 * 0.061 

0 59 * 0.059 

0 4 3 * 0.043 

+ 2 . 11*0 103 

+0 98 * 0.072 


100 

64 

16.80 * 0.071 

14.03 * 0.029 

0.57 * 0 . 0,50 

0 23 * 0.021 

+0 40 * 0,093 

+ 0.22 * 0 048 


102 1 

1 36 

' 16.24 * 0.087 1 

13 . 67 * 0,075 

. 0 . 53 * 0.062 

0 . 45 * 0.053 

-0 16*0 105 

-0 14 * 0.064 


103 

' f 49 

17 , 98 * 0.123 

■ 14 . 61 * 0.099 

D. 86*0 087 

0 60*0 070 

+ 1 . 58 * 0.136 

+ 0 , 80*0 106 


104 

7 

(see text) 






105 1 

^ ' 

16 . 33 * 0.098 

13 . 81 * 0,077 

0 . 59 * 0.069 

0 . 46*0 054 

- 0 . 07 * 0,115 

0.00 * 0 086 


. 106 

36 [ 

18 . 35 * 0.138 

14 . 85 * 0,088 

0.83 * 0.098 

0 . 53*0 062 

+ 1 95 * 0,150 

+ l 04 * 0,096 


107 

36 1 

18 . 08 * 0.140 

14 . 67 * 0.087 

0 84 * 0.099 

0 . 52 * 0.002 

+ 1 . 68 * 0.152 

+0 86 * 0.095 


101 

36 1 

16 , 26 * 0.123 

13,83 * 0,087 

0 . 74 * 0.087 

0 52*0 062 

- 0 , 14*0 136 

+ 0,02 * 0,095 


to be significant. . Both of these lin^s, as shown in table 9, were 
derived from line 61, which itself laid eggs larger than the 
English eggs. 

An Fs generation could not be obtained to test further the 
inheritance of egg size in lines 75 and 79, for the few fertilized 
eggs that were laid in these lines did not hatch. It is believed, 
however, that the larger eggs of line 61, and its daughter lines 
75 and 79, %re the effects of inheritance from the Nebraska 
parent line. For further tests of this inheritance, recourse was 
had at this point to a back cross between an F2 line and the 
Nebraska line. Line 56 was chosen from F2 because it was pro- 
ducing many sexual females, so that crossing was not difficult. 

In the back crosses, the eggs of no line are significantly larger 
than those of the English great grandparent. The appearance 
is again that of simple dominance of small egg size. 

In the F4 series of lines derived from the back cross, however, 
several possessed eggs unmistakably larger than the English 
eggs. The eggs of lines 103 and 107 were as large as Nebraska 
eggs, while those of lines 90, 93; 94, and 106 were even larger, 
In lines 108 and 100, the mean length is somewhat greater than 
that of the English eggs, though the difference is of very doubt- 
ful significance.. If line 108 be not included, all the lines pro- 
ducing large eggs were derived from line 85, whose eggs were 
not significantly larger than those of the English line. 
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To summarize^ all Fi lines, all Fa lines, 14 out of 15 F3 lines, 
at least 5 out of 7 F4 lines, all the back cross lines, and at least 
8 out of 16 F4 lines from the back cross, laid eggs as small as the 
English line. Of the remaining lines, the one in F3, and one in 
F4 were intermediate between English and Nebraska; one in 
F4 and two in F4 from the back cross laid eggs that were not 
certainly significantly larger than English eggs; while two in 
F4 from the back cross laid eggs as large as Nebraska eggs, and 
four in F4 from the back cross laid eggs even larger than the 
Nebraska eggs. 

Large size of eggs appears much less frequently than would 
be expected if egg size were a simple Mendelian character, especi- 
ally in the first three filial generations. 

t 

Inheritance of time of egg development 

Tables 11 and 12 give the results of the determinations of the 
time of development of the eggs of all lines described in this 
paper, except lines 48 and 49. These two lines were no longer 
in existence when work on the time of development began. 
Table 11 gives the number of hours required for (development, 
table 12 the means, standard deviations, differences of means, 
etc.- The last two columns of table 12 show the significance of 
the results. The English and Nebraska lines are repeated from 
tables 4 and 5 for comparison. All lines are given, as before, 
in the same order as in table 9. 

The following points are worthy of attention. With respect 
to mean time of development, no line in Fi, F2, or F3, differs 
significantly from the English line. In Fi, the difference of line 
76 may be significant, but is of the wrong sign to be attributed 
to inheritance from the Nebraska line. The F3 back cross in- 
cludes no line approaching signi^cantly the time of development 
of the Nebraska eggs, while in F4 from this back cross, only the 
eggs of line 94 appear to have developed in significantly less time 
than the English eggs. The. time of egg development in line 94 
is intermediate between the time of development of the Englisli 
eggs* and the Nebraska eggs. 
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To summarize; in all the experiments here recorded, only one 
line (94) shows any indication of an inheritance of the sliort time 
of development of the Nebraska line. 

With respect to the variability of the time of development, the 
results are less definite. The Nebraska line showed much less 
variability than the English line, as was shown in tables 4 and 5 , 
and the difference was shown to be even greater than those tables 
indicated. In the filial generations most lines showed less varia- 
bility than the English line, as is indicated by the preponderance 
of 7mnus signs in the last column of table 12 . But the mean 
error of the standard deviation is so high that the difference is 
always of doubtful significance. In line 54 in F 2 and line 103 
in F 4 from the back cross, the differences are greatest, and are 
here perhaps significant. 

Inheritance of rate of egg production 

The possible inheritance of the rate of egg production was 
tested through th^e filial generations, and in one line of F 4 . 
In December, 1913, it became necessary either to abandon some 
part of the work undertaken or to do all of it less completely. 
As the results of the study of the inheritance of the rate of egg 
production up to that time Avere less definite than any other 
results, and as enormous fluctuations in the rate of egg production 
by the same individual at different times, and by different 
individuals of one line at. the same time, required that large 
numbers of records be obtained in order to make the results 
trustworthy, this part of the investigations was dropped. The 
records, as far as obtained, are given for what they are worth, 
in table 13. 

The F 2 lines are partly intermediate between the English and 
Nebraska lines, while in one egg production was more rapid than 
in the English line, in others slftwer than in the Nebraska line. 

In Fa, many lines laid eggs more slowly than the Nebraska 
line, none as 'rapidly as the English line. The great variation 
in the results does not permit of any significant classification of 
the various lines. The fact that the mean number of eggs per 
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14: 








1 

16 

381 

19: 

9 






Mar. -Apr 


1 

2 o: 

18: 

15 8 


i 

• 1 




- ■ 



1 


f 

i 

1 



80 5 

Dec ’ L 

i 



4 

14 7; 

7i 

1 ! 

0 

1 ' 
3l 


1 81 ^ 

Mar. Apr..,; ! 

i 

1 


G 

14 14 

7| 

9 

6 ' 

1 

1 44 1 

July 

1| 

19, 

27i 24: 

19 

1 3 

2i 0 I 

4 



1 47 i 

July : 

' 16l 20^ 35; 

14 

4 0 

2! 

1 1 

1 

i 


1 i 




_t ' 







50 

July 

14;. 

14 

18: 

17 

8 ’2: 

0 

1 




51 

Julv 

7i 

71 

23 

11 

3 6 

2 

0 

1 



54 

July..,. V.-.., 

11! 62, 42' 

20 

10 3 

1 





55 

July:.....- 

1 

12i 10; 

li 

1 2 

4 





56 

July 

7' 

9, 

7j 

1 

5 2 

0 

2 

1 

' 


57 

July 

3i 


o; 

13; 

i 1 

1 





58 

N ov 1 

1 

! 

1 

9 

14 2 

2 

0 

2 



59 

Nov j 



li 

2 

5 

11; 7 

0 

1 




60 

Nov i 


•1 

i 

8 

10 

8 3 

5 

4 

0 

1 


61 

Nov 


1 

i! 

1 

12 

16 4 

4 

0 

2 



62 

Nov 



i 

1 

10 

81 3 

6 

4 

1 



63 

Nov 


i 

1! 

3 

16 

: 6 4 

6 

0 

1 

2 


66 

Nov 


' 

9! 

1 

10 

i ^ 

3 

3 

0 

1 


67 

N ov 



1 

0 

9 

6. 6 

3 

•0 

1 



! 68 

^ Nov 


■ 


3 

12 

61 6 

7 

4 

0 

2 


1 69 

; Nov 



l' 

2 

12 

U| 1 

0 

1 

1 



1 70 

■ Nov 


i 



18 

2(^ 12 

1 

1 

0 

3 


I 7i 

: Nov 


1 

1 

4 

: 16 

10 0 

a 

1 

3 



i 72 

. Nov ' 



6 

p 10 

6i 2 

c 

2 

1 

1 


1 64 

^ No V . 


j 


1 

14 

i 4; 4 


0 

1 



65 

1 Nov 

1 


1 

j 0; i| 2 


L 

. 

1 L; 

1“ 73 

' Nov 

L 

1 

o' 6 

1 lol g! 1 

i 0 

j 2 



1 74 

Dec 

f 


2 9 

; 13i .7; 

ii 

\ 0 

1 

2 ; 

; 

' Dec.. • 




; e 

; 14: 8 

113 

H 

2 

0 , 

: 76 
, 77 

; Dec • 



9 C 

s; 0 

1 

12 

\ 1 

2 

1 i 

Dee — 



1 ^ 

' 321 12 

7' 4 

i 1 

0 

1 

78 

Dec 

^ • 




j 5i 2 

i 

) 1 

1 



■ 79 

; Dec ■ 

j 




\ ll| £ 

o 

6^ 

i 3 

0 

1 
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TABLE 11 — Contin\it‘(l 



1 

um 

DATt; 

TIME OF EGO DFVV 

lOPMESn 

, IN 

HOURS 



♦ 


12 14 lA 

16 

17 

18 

ID 


1 22 

23 

F, ^ 

82 

Mar .-Apr 

1 

0 

7 

8 

■■ 4 

a 

4 

2 1 

1 

back- 

83 

Mar. -Apr 


3 

5. 


s 

G 

G 1 

0 

cross 

84 

Mar. -Apr 


0 

Si 

lOi 

G 

5 

■» 

<> i 


85 

Mar. -Apr 



3 

Oi 

3 

2.' 

0 1 

I ! 


86 

]sfar.-Apr 

1 

1| 

10 

2 

0 

3: 

4, 3 

■> ! 

“ i 

F, 

87 

Mar .-Apr 

1 

2 

7 

7 

0 

.7 

3 1 

‘> 

from 

88 

Mar.-Apr 


4 ; 

3 

9 

13 

9 

5; 1 


' back- 

89 

Mar .-Apr 


4 

14 

14; 

G 

12 

6| 3 

2 

cross 

108 

Mar.-Apr 

1 

2 

4 

4 

3! 

2 

2 3 

1 


90 

Mar.-Apr 


s: 

11 

10 

10: 

10: 

:>■ 2 



91 

Mar.-Apr 


3 

!) 

14 

3i 

5 

4' 3 

1 : 


92 

Mar -Apr. .♦ 


2; 

8 

IG 


U 

2 2 



■93 

Mar.-Apr 

2 

G 

0 

13 

14i 

11, 

5 4 . 



1 94* 

Mar.-Apr 

1 10 

13 

14 

9 

g! 

4i 

3 



1 95 

Mar.-Apr 


3' 

G 

12^ 

121 

7 

1 2 : 

1 1 


1 96 

Mar.-Apr 

1 

3^ 

4 

S: 

7! 

8, 

4i 1 i 

1 i 


i 97 

Mar.-Apr 


' 

2 

4 

3i 

2 

0 1 



^ 98 

Mar.-.^r 

3 

2 

4: 

9 ! 

3; 

' 5 

4 2 



; 99 

Mar.-Apr 

- 

li 

7 

s' 

5^ 

7 

1, 



i 100 

Mar.-Apr 


2; 

0 

G 

111 

5 

0 1 

0 


i 102 

Mar.-Apr 

1; 

2 

5 

20' 

14 

10 

5 1 



103 

Mar.-Apr 


1 

IG 

2Si 

43; 

19; 

10' 

: i 


104 

Mar.-Apr 


li 

1 

2 

2; 

Oi 

2 1 



105 

Mar.-Apr 

1 ' 


G 

10 ' 

13' 

% 

() 1 

■1| 


106 

Mar.-Apr 


i 

9 

7| 

9 

(> 

6 1 



107 

Mar.-Apr 

■ ; ; : r 

3; 

2 

5; 

5 

4: 

0 3 

j ^ 


101 

Mar.-Apr.. . 


li 

3 

19 ' 

I2i 

s 

Oi 2 

1 ^ ‘ 




day for all the Fa lines is a trifle less than the number per day 
for the Nebraska line in November, may be due to a loss of vigor 
resulting from ihbreeding. I have shoAvn elsewhere (Shull '12) 
that inbreeding results in a decrease of vigor in these rotifers. 
Lines 58 and 65, in particular, showed other evidences of weak- 
ness and were lost before any df the other F., lin^S. As shown in 
tahla 13, they were among the slowest egg producers. 

No safe conclusions regarding inheritance of the rate of egg 
production can be drawn fro^ the data obtained. 



TABLE 12 


Shomng mean time of developmentj and the variability of lime of develo'pment, of the 
lines of If ydatina senta described in this paper ^ as computed from daiain table 11 


° ' VEaW TIME nir aTANDABDDBVl- 

^|=i = 


EXCESS OP 
MEAN OTBB 
THAT OF ENQ^ 
LIBH LINE AT 
SAKE DATE 


EXCESS OP 
STANDABODEti- 
ATION OVER 


^ng. July j 8^ 14.98=^0. ?l| 1.94=^0.15 

I Nov I 5l| 17.08^0.24; 1. 72=^0. 17 

I Dec ‘ 35 17.66=^0.33; 1.94±0.23 

I Mar.-Apr..i 44: 18.55 ±0 28! 1.87±0.20 

eb. July 134: 13.33=*=0,08| 0.90±0.06 -1,65=^0.22-1.04^0.16 

Nov 54! 15.00=fc0.i0; 0.77± 0,07 - 2.08=^0.26-0.95=^0.18 

Dec 83' 15.23=t0.l0i 0.92=^0.07 -2.43=^0.34 -1.02=t 0.24 

Mar.-Apr.. 62| 16.15±l,14i 1,06±0.10 -2.40=^0.31 -0.81 ±0.22 . 

80 Dec I 34| 17.74±0.22^ 1.27±0,15 +0.08±0.40 -0.67±0.27 

81 Mar-Apr..|60 18.57±0.27! 2,09^0.19 4-0.02±0.39+0.22±0.28 

44 ' July jlOO U.72±0.18| 1.82±0.13 j-0,26±0.28-0.12±0.20 

47 July I 93 14.88 ±0.15| 1.49±0,11 -0.1.0± 0.26 - 0.45 ±049 


50 j July 75 

51 : July 60 

54 j July 139 

55 I July 30 

56 I July 34 

57 I July 38 


15.03±0.17| 1 47±0 12 
15.47±0.22' 1,67±0,15 
14.85±0.10| 1.20±0.07 
15.43±0.32l 1.76±0.23 
15.29±0.37| 2.16±0.26 
15.32±0.2l! 1.32±0.15 


59 i Nov.; 27! 

00 Nov 39i 

61 40; 

62 Nov 35j 

63 Nov 39 ; 

66 Nov 35; 

67 Nov 261 

68 Nov 37| 

69 I Nov 29| 

70 Nov 55 

71 Nov 38 

72 Nov 32 

64 Nov 27 

65 Nov 5 


17.10±0.25l 
16. 93 ± 0 . 23 ! 
17.10±0.29; 
17.08±0.22| 
17.37±0.24| 
17,13±0.29' 
17.26±0.29j 
17.15±0.28; 
17.41±0.28: 
16,97±0.26| 
17.25±0 19; 
16.84±0.27! 
16.84±0.03! 
16.93±0,26| 
17.4O±0.6l| 


1.35±0.17 
1». 18 ±0.16 
1.79±0,20 
1.39±0.16 
1.43±0.17 
1.83±0.20 
1.71±0.20 
1,41±0.20 
1.73±0.20 
1.38±0.18 
1 42±0.14 
1.69±0.19 
1.71±0.21 
l,36=t0.19 
1.36±0.43 


+0.05± 0.27 -0.47 ±0.19 
+0.49±0.30 -0.27 ±0.21 
-0.13±0,23-0.74±0.17 
+0.45±0.38-0.18±0.27 
H-f.31±0.43 'b0.22±0.30 
4-0. 34±0. 30 -0.62 ±0.21 

+0.02±0.35-0.37±0.24 
-0.15±0.33 - 0.54 ±0,25 
+0.02 ± 0.38 +0.07 ±0,26 
0.00± 0.33 - 0.33 ±0,25 
+0.29±0.34f-0.29±0.24 
+0.05±0.38|+0.n±d,27' 
+0.18±0. 38-0. 01 ±0,26 
+0.07±0.ir -0,31 ±0.26 
+0.33±0. 37 +0.01 ±0.26 
-0.11±0.35-0.34±0.25 
+0.17±0.31-0.30±0.22 
-0.24±0. 36 -0.03 ±0.25 
-0.24±0. 38 -0.01 ±0.27 
-0.15±0.35-0.36±0.25 
+0.32± 0.65 -0.36 ±0.46 


73 Nov 26 17.27±0.29 1.46±0.20 +0.19±0.38 - 0.26 ±0.2B 

74 Dec 42 17.98± 0.35 2.30 ±0.25 +0,324=0.48 +0.^±0.34 

76 Dec 36 17.94±0.31 1.88±0.22 +0.28±0.45 - 0 . 66 ± 0.32 

76 Dec 30 18,80±0.47 2.59±0.33 +1.14± 0.57 +0.65 ±0.40 

77 Dec 62 17.68±0.17 1.32±0.12 +0.'02±0.37 -0.62±0.26 

78 Dec 9 18.00±0.47 1.41±0.33 +0.34± 0.57 -0.53 ±0.40 

79 Dec 34 18.12±0.27 1.55±0,19 +0.46±0.43 - 0.39 ±0.30 
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TABLE 12 — ContiiUKHl 


genera- 

LINK 

DATE 

tion 1 



..... 

F, 

82 

^Sir.-Apr. . 

back 

83 

Mar.-Apr. . 

cross 

84 

M^-Apr. , 


85 

Mar -Apr. . 


80 

Mar .-Apr.. 

F 4 

87 

Mar .-Apr. . 

from 

88 

Mar .-Apr., 

back 

89 

Mar.-Apr. . 

cross 

108 

Mar.-Apr. . 


90 

Mar.-Apr. . 


91 

Mar.-Apr. , 


; 92 

Mar.-Apr. . 


; 93 

Mar.-Apr. . 


1 94 

Mar.-Apr. . 


95 

Mar.-Apr. . 


i 96 

Mar.-Apr. . 


1 97 

Mar.-Ajfc*.. 


; 98 

Mar.-Apr.. 


1 99 

Mar.-Apr. . 


100 

Mar.-Apr. , 


102 

Mar.-Apr. . 


103 

Mar.-Apr. . 


104 

Mar.-Apr. . 


105 

Mar.-Apr. . 


106 

Mar.-Apr. , 


107 

Mar.-Apr, . 


101 

1 

%Iar.-Apr. . 


: MEAN TIMK OF DE VI- 

DEVEt.OPMENT, 

IN HOURS OFDKVKl.Ol'- 
MKNT 


20 18.41±0 34 1 S3=fc0 LM 

30 18.05^0 2S 1 7o±0 20 

41 ISAO^O aO 1 00±0 21 

lo: 19,30±0,(V2 1 03±0 oO 

32 1S.97±0,3S 2 i:V^0 27 


Exc>::s8 OP 
MEAN OVER 
THAT OF E NO- 
1, ISil 1.1 NE .AT 
SAME DATE 


EXCESS OF 
STANDARD DEVI- 
ATION A)VE» 
THAT OF ENO- 
IJ8H 1.1 NK AT 
SAME DATE 


; 35; 18.80^0.34 
; 44; 18,89±0.22 
: 61: 18,79^0.23 
; 22 ! 18.86=^0.50 
■ 56! 18,46±0,22 
! 42; 18.64^0.28 
; 551 18.6n±0.iS 
^ 64| 18.63±0.22 
' 60[l7.,15=t0.22 
i 44ri8.68±0.23 
i 37 : 18.87=^0.29 
I 12; 18.75=^0.39 
I 32i 18.50±0.34 


I 31 
! 31 
; 58 
.1116 
9 


18.23±0.27 
18.71=^0.29 
18.71=^0.18 
18.82=^0.10 
19.00=^0.63 
46i 18.76=^0.25 
4l| 18.85=^0.26 
23| 18 61 ±0.40 
46| 18.78±0.19| 


1 ni±0 24 
1 47±0.16 
I S0±0,17 
2. 20 ±0.35 
l..GS±0.16 
l.S0±0.20 
l.33±0 13 
1.74±0.16 
1.72±0,16 
1.53±0.17 
1.77±0 21 
1.36±0.2S 
1.95±0,24 
1.50±0.1fl 

1.61:t0 21 

1.37 ±0,13 
1.13±0.07 
l.S9±0.45 
1.67±0.18 
l.68±0.18 
1.91±0.28 
1.32±0.13 


'-O.lUO 44 0.l>t±0 31 
+0,40±0 40 -0.12±0 28 
-0 0()±0,4i |0.03±0 '29 
±0,75=i=0,6S 4 0,08=^=0,54 
+0 42±0 47 4-0 26±0 :i-l 

4-0. 25 ± O'. 41 4 04H=^0 31 
4-0 34 ± 0 30 - 0, 40 ± 0 -26 
+0 24±0.30-0 07±0 26 
+0 31±0 574-0 33±0 40 
-0 00±0 36-0 19±D 26 
+0.09±0.40-0 07±0 28 
4-0.14±0 33-0,54±0 24 
4-0.08±0.3()~0 13±0.26 
-1.40±0 3{i-0.15±() 26 
+0.13± 0.36-0 34±0 26 
+0.32±0.40-0.l0±0,29 
4-0 20 ±0,48 -0.51 ±0 34 
-0.05±0.44+0.0s±0,31 
-0.32± 0.39 - 0.37 ±0.28 
+0.16±0.40-0.2f>±0.'2<9 
+0.16± 0.33 - 0.50 ±0 24 
:+0. 27-0, 30-0. 74±0, 21 
■ 4 - 0 . 45±0. 69+0. 02-0.49 
:+0. 21-0. 38'-0, 20-0,27 
4-0.30-0.38-0.19-0.27 
4-0.0G-0.4<14-0.04-0.34 
4-0. 23 - 0, 34i-0. 55-0, 24 


Inheritance of place of egg laying 

The hereditary relations of the various lines, with regard to 
the place of egg laying, appear to be rather definite. Table 14 
gives the results obtained from all lines except 4§, 49, 95 to 99, 
and 101, which were lost before the location of the eggs could be 
determined. Notice should be taken of the different results 
in ,the original English and Nebraska lines in different months, 
when the results in the filial lines are judged. 
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From July to December, all filial lines except 65, 71, 73, 75, 76, 
and 79, laid from 50 to 60 per wcent of their eggs at the surface 
filin; and the six lines just named varied so little above or below 
these limits that the difference is fairly chargeable to fluctuation.. 
All the lines of the first four filial^enerations, therefore, are closely 
similar to the English line. In the period Marclf to June, the 

TABLE 13 


Showing the number of eggs laid per day by the females of the lines of Hydatina sent a 
■ described in this paper, through the F3 generation and part of 


QENEltATION : LINE ‘ DATE 

yUMBER 

OF 

EEUALEB ' 
LAYING 

NCMBER 

OF 

INDIVIDUAL 
DATS OF 
LAYING 

NUMBER 
OF BOOS 
LAID 

NUMBER 

or Eoaa 

FEB DAT 
PER 

rBMALE 

Pi Kng’ ' July- Aug 

* 14 « 

27.86 

418 

15.0 

■ Xov ' 

12 

13,80 

141 

10.2 

Neb. j July-Aug 

22 

34.54 

420 

12,2 

Xov 

23 

23.40 

160 

6.8 

F, 44 July 

■ 4# 

10.10 

158 

15.6 

47 hjuly 

4 

12.60 

167 

13.2 

■ oO ‘ July V ' 

4 

11*10 

178 

16.0 

ol ! July 

4 

10.60 

123 

11.6 

o4 July 

4 

12.60 

188 

14.9 

of) .\ug 

6 

13.60 

15U 

11.1 

56 ^ Aug 

6 

7.40 

95 

12.8 

57 1 Aug 

6 

15.50 

224 

• 14.4 

F3 58 : Xov. . 

16 i 

16.00, 

70 

' 4,4 

59 : Xov 

17 ! 

17‘.20, 

: - 112 

^.5 

60 Xov 

1 16 i 

14.80 j 

125 

8.4 

61 Xov 

20 ' 

21.40 : 

143 ^ 

6.6 

62 ; Xov ' 

i 18 i 

18.80 ! 

139 

I 

03 i Xov...*^ 

i 16 .1 

; 17.40 

129 

■ 7,4 

66 i Xov 

1 \ 

10 'so 1 

97 

I 9 0 

67 ^ Xov 

15 ; 

14.80 ; 

136 

I 9.2 

68 ^ Xfv 

9 ; 

8.30 

32 

. 3.S 

69 Xov 

15 

14.60 

I - 66 

j 4,5 


1 17 ■ 

17.70 

: 147 

1 8.3 


1 13 

i 13.60 

i 126 

9.3 

72 ' Xov 

17 ' 

1 17.5b 

12r 

1 7.3 

64 Xov 

: .14 

14.90 

70 

! 4-7 

65 ; Xov; 

10 ' 

( 

1 9.80 

■ 32 ■ 

1 

F 4 ! 73 1 Xov., 

13 

13.4 

91 

] 6,8 
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numbers of eggs at the surface were higher in all lines, including 
the parental (English and Nebraska) lines. While none of the 
back cross lines, nor thoge of the F 4 generation derived from the 
back cross, laid quite as many eggs at the surface as did the 
English line during the same period, the difference is not certainly 
significant except in line 103. In line 103, only 35,5 per cent of the 
eggS’Wereat ^ surface film. For reasons given (pp. 154-156), 
I know of no way to determine how small a difference, in the 
present case, is to be regarded as significant. Hut in view of 
the large number of eggs counted in line 103, a difference of more 
than 50 per cent (88.9 to 35.5) can hardly be considered mean- 
ingless. At the same time, the number of eggs at the surface 
is not as low as in the Nebraska line. 

To s\|inmarize: line 103, of the F 4 generation from the back 
cross, is the only line showing any strong indication of inherit- 
ance from the Nebraska line, with regard to the place of egg laying, 

Inheritance of contractility of fodt muscles 

\ Contractility was in all cases determined by killing the females 
within 24 hours after egg laying began, in Bouin’s fluid. The 
method was in all particulars the same as given on page 157 for 
determinAg the difference between the English and Nebraska 
lines. Lines 48, 49, 91 and 95 to 99, inclusive, were lost before 
the contractility of the foot muscles could be tested. 

The results, as shown in table 15, are briefly stated as follows: 
Of aU the filial lines, only five showed greater contractility of 
the foot muscles than the English line. These five are the ones 
o which the plus sign is prefixed in the last column of table 15. 
m four of the five, the excess of the degree of contractility (mean 
class number) over that of the English line is less than its mean 
/error. The remaining one, line 93, shows a degree of foot re- 
traction that must be regarded as si^ificant. Line 93, there- 
fore, is the only filial line that gives certain indi^tion of inherit- 
ance from. the Nebraska line, with regard to the contraction of 
the foot muscles. 

»The fact that nearly all mean class numbers in the filial lines 
are slightly less than the mean of the English line may be due 
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TABLE U 


Shmcmg number of eggs laid at bottom of disk and at surface film of water, by the 
lines of Hydatina senta described in this paper 




NUMBEB 

number 

PERCE NTAGE 

GENERATION : LINE 

DAI£ 

OF EGG3 AT 

OF EGGS AT 

OF EGOS AT 



SURFACE 

BOTTOM 

SUBTACE 

Pi : Eng. 

July-Dee 

831 

706 

54.1 


June 

370 

46 

■88.9 

Neb. 

July-Dcc 

US 

1067 

9.9 

1 

Mar. -June 

120 

439 

21.4 

Fi 80 

July Dec. f 

436 

340 

56.1 

' 81 

July-Dee 

380 

341 

. 52.7 

1 44 

July-Dee 

913 

703 

56.1 

1 47 

July-Dcc 

781 

605 

54.0 

Fv i 50 

July-Dee 

898 

675 

57.0 

i 

July-Dcc 

942 

817 

53.4 

' 54 

July-Dee 

978 

682 

58.9 

55 

July-Dee 

571 

382 

59.9 

56 

July-Dcc 

926 

703 

56.8 

57 

July-Dee 

872 

697 . 

55.5 

Fs 58 

July-Dee 

201 

194 

50.8 

59 

July-Dee 

248 

217 

5^3 

^ 60 

July-Dee 

204 

166 

55.1 

61 

July-Dee 

214 

190 

52.9 

62 

July-Dee 

238 

189 

# 55.7 

V 63 

July-Dee 

182 

122 

59.8 

66 

July-Dcc 

176 

144 

55.0 

' 67 

July-Dee 

178 

160 

52.6 

: 68 

July-Dee 

219 

194 

53.0 

1 69 

July-Dee 

153 

124 . 

55.2 

: 70 

July-Dee 

129 

103 

55.6 

71 

July-Dee 

276 

177 

60.9 

72 

Julv-I^ec 

231 

196 

54.0 

' 04 

July-Dee 

191 

179 

,51.6 

65 

July-Dee 

78 

85 

47.8 

F 4 73 

July-Dee 

123 ^ 

54 

69.4 

74 

July-Dee 

490 

425 

53.5 

75 , 

July-Dee 

317 

347 

47.7 

76 * 

July-Dee 

341 

349 

49.9 

77 

July-Dee 

378 

340 

52.6 

78 

July-Dee 

143 ' 

107 

57.2 

79 

July-Dee 

260 • 

284 

47.7 
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TABLE H— Contiiuu\l 

.VL'MBER Xl’MDEK I'EHrEVTAOK 

OF EOGS AT OF E003 AT OF KOOfl AT 
Surface n ottiim r rk ac'K 


355 m\ 77 0 
3(1.3 100 7S t 
450 154 74 5 
234 41 S5.0 
490 S7 S4.9 

21)7 54 S3 2 
422 110 79 3 
21G 50 SI, 2 
215 70 73.9 
323 71 SI 9 
275 09 79,9 
310 j- 82 79.1 
225 79 74 0 
371 115 70 3 
204 04 70 1 
357 125 74,1 
408 852 35.5 
236 90 72 4 
301 111 73 1 
251 ns OS. 7 
320 148 OS. 7 


to a change in judgment regarding the limits of the four arbitrar- 
ily selected degrees of contraction, as th(? investigatioii proceeded. 
The differences are so small, compared with their mean errors, 
that I believe them to be insignific^t. 


DISCUSSION 

Review of results 

The results of the experiments above described present certain 
unexpected features that need to be explained. In table 16 
the results are summarized. Variability of the time of egg 
development, and the rate of egg production, are omitted from 
this table because of the irregularity of their inheritance. The 
following remarks pertain only to the four remaining characteris- 
tics, which are included in table 16 . 


orxERATION UXE 

DATE 

F, 82 

back 83 1 

cross ! 84 

85 

j 86 ' 

Mar.-Apr 

Mar.-Apr. 

Mar.-Apr ; 

Mar.-Apr 

Mar.-Apr 

F. ! 87 

Mar.-Apr 

from 88 

Mar.-Apr 

back j 89 

Mar.-Apr i 

cross 108 

June 

90 

Mar.-Apr 

91 

Mar.-Apr.. 

92 

Mar.-Apr 

93 

Mar.-Apr 

94 

Mar.-Apr 

100 

June 

1 102 

June 

103 

June 

104 

June I 

105 

June i 

106 

June 1 

107 

June ! 
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TABLE 15 


Shod'iug {ii<lrikuiion oj the females of the lines of Hydatina senta described in this 
(Xiffcr, with respect to the degree of cordraction of the foot musdes {see text for 
further fleseripium of class numbers) 




NU-MBEB OF j 






FKM.ALEH ByoWJNO 1 


. 




rOl.LOWlNO DE- j 






GHEEB OK ; 

(:fL'irH.\CTIO>r [ 

TOTAL 


EXCBB8 OF MEAN 
OVEB THAT or 

OKNKHA' 

HXK 

1 

■23 4 j 

MEAN' CLASS STANDARD 

TJON 


99 

NUMBER DEVIATION 

SKOUSH UNE 



? 







X'-s 








a 3 e- 





Kn^i. • 

34 

13 3 I 

51 

1,39±0.101 0.72±0,071 



Nob. 

1 

5 25; 81 

112 

3,66±0.*057 0.61=^^0,040 

4-2. 27*0. 166 

K, 

SO 

100 

17 14 2 

133 

1. 38=^0. 063 ' 0.73^0.045 

-0.01*0.119 


81 

95 

18 G 2 

121 

1. 30^0.058: 0,64±0.041 

-0.09*0.116 


44 

36 

16 5 1 

58 

1.50±0 096 0.73±0,068 

+0.11*0.139 


47 

70 

26 0 5, 

101 

1.4l±o.072; 0.73±0.051 

+-0.02*0.124 

Ki 

oO 

43 

9i 0; 2; 

54 

■ : 

'’1.28^ 0,088 : 0.05=^0.062 

-0.11*0.134 


51 

3S 

lol 2: 2 

52 

1.38=fc0.102| 0.74=^0.072 

-0,01*0.144 


54 

45 

7: 4 3: 

55 

1.33±0.102^ 0.76±0.072 

-0.06*0.144 


55 

43 

12'. !■ 0 

06 

1.25=t0.063 j 0.47=^0.045 

-0.14*0,119 


50 

33 

7’ 1 0 

41 

1.22^ 0.073 , 0.47=^0.052 

-0.17*0.125 


57 

37 

9: 1: 1 

48 

: 1.29^ 0.088 ^ 0.61±0,062' 

: i 1 

i -0.10*0.134 

Vz 

58 

35 

■ » ! 

lb 3; i; 

50 

1,40=^0,097 0.69=t0,069| 

+0.01*0,140 


50 

45 

: ^1 3 ; 21 

59 

1.36±0.095 0.73±0.067' 

1 -0.03*0.139 


60 

38, 

■ 7 1; 2 

^48 1 

1.31±0,102; 0.71=1=0,072' 

: -0,06*0.144 


61 

107 

: 21j 3' 1 

^32 i 

1.23* 0.045! 0:52*0.032! 

-0.16*0.112 


62 

70 

: 11' 3| 2 

86 1 

1.27 * 0.0691 0.64 *0.0491 

-0.12*0.122 


63 

71 

■ lb Ij 3 

80 

1 26 * 0. 070 ! 0.65 *0.049: 

1 -0.13*0.123 


60 

83 

: 10 lOi 4‘ 

113 1 

1.42*0.075; 0,80*0.053 

+0.03*0.126 


67 

85 

17; 5; 0! 

107 

1.25*0. 05l| 0.53*0.036 

-0.14*0.113’ 


68 • 

114 

lol 7! Ij 

137 

1.23 *0.0481 0.57 * 0.034 

-0.16*0.112 


60 

67 

15: 3i Ij 

86 

1.28*0.063 0,58*0.045 

-0.11*0.119 


70 

49 

lb li 0| 

61 

1.21*0.0581 0.45 * 6.041 

-0.18*0.117 


71 . 

88 

i4i 1; 21 

105 

1.21*0 054 0.55*0.038 

-0.18*0.115 


72 ^ 

31 

10: 0; 0 

50 ! 

1.32*0.066 0.47*0.047 

-0.07*0.121 


.. (V4 ; 

71 

7' 41 2 

84 j 

1.25*0.070 0.64*0.049 

-0.14*0.123 


65 

48 

3 2; 21 

55 1 

1 24*0.093; 0.09*0.066 

-0.15*0.137 
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TABLE 15 — Continued 


□BNEKA.- 
RA.T10I1 ^ 

. 

LINE 

Kva 

FEUALZ 

FOLLO 

OB 

COOT 

I 

"0 

12 

B£R OF 

8 8H OWING 
WINQ Dp- 
EE8 OF 
rRACTION 

2 3 4 

>,5 

a>S 4 i 3 i£ii 

“ilF.i 

TOTAL 
NO .’of 

9 9 

UEAN CLASS ' STANDAllD 
NUMBER DEVIATION 

■ 

; 

EXCESS OF MEAN 
OVER THAT OF 
BNOLIBH LINE 

Fv 

73 

65 

4 

1: 2 

. 72 

1.17± 0.069 0.58 ^0.049 

-0.22*0 122 


74 

71 

16 

s; 1 

93 

1.31±0.064; 0.62=^0.045 

-0.08*0,1*20 . 


75 

65 

8 

4; 3 

80 

1.31 =t0 082- (r.74±0.058 

-0,08*0.130 


76 

83 

15 

0; 1 

99 

1.18±0,046' 0.46=fc0.033 

-0.21*0.111 


77 

72 

10 

0: 0 

82 

1.12=±:0.036 0.33^0.025, 

-0.27*0.107 


78 

87 

^20; 3i 1 

no 

1.26*0.052 0.55*0.037 

-0.13*0.113 


79 

65 

11 

. 4| 0 

80 

1,24*0.059 0.53*0,042 

-0.15*0.117 

F. 

82 

83 

11 

5 1 

100 

1.24*0,059' 0.59 * 0.042 

-0.15*0.117 

back 

83 

90 

5 

3 2 

100 

1.22 * 0,055 0.55 * 0.039 

-0.17*0,115 

cross 

84 

79 

16 

5 0 

100 

1.26*0,054 0. .54*0. 038 

-0.13*0.115 


1 85 

53 

8 

3 0 

64 

1.22*0.064 0 51*0.045 

-0,17*0.119 


86 

50 

8 

4: 2 

64 

1 1.34*0.093 0. 74^0.066 

-0.05*0,137 

F4 

87 

* 85 

10 

4; 1 

100 i 

1.21*0.055 0.55*0,039 

j -0,18*0.115 

from 

'■ 88 

65 

10 

3 3: 81 

! 1.31*0.079! 0.71*0,056 

1 -0.08* 0.128 , 

back 

i 89 

79 

19 

2; 0 

100 

I 1.23*0.047 '0.47*0.033 

-0.16*0,111 

■ cross 

' 108 

79 

18 

2; 1 

100 

1.25*0.054 0.54*0.038! -0,14*0.115 


■ 90 

84' 

10 

' 4, 2 

100 

1,24 * 0.062 0.62 * 0.04*1 

-0,15*0.119 


92- 

81 

12, 4' 3 

100 

1.29 * 0.068 0.68 * 0.048 

-0.10*0.1*22 


! 93 

76 

52; 40 28' 196 

2.10*0,076' 1.07*0.054 

-fO. 71*0, 126 . 


■ 94 

78 

28 

2 0 

108 

1.30*0.047| 0.49*0.033 

-0.09*0.111 


100 

86 

10 

3, 1 

100 

l,19g0.052l 0.52*0.037 

-0.20*0.114 


102 

79 

13 

6 2 

100 

1,31*0.067 1 0.67 * 0.047 

-0.08*0,121 


103 

81 

12 

0 2 

100 

1,28*''.068 ‘ 0.68 * 0,048 

-0.11*0.122 ■ 


i 104 

83 

15 

2; 0 

100 

1.21*0.043 0.43*0.030 

-0.18*0,110 


105 

76 

20 

4 0 100 

1,28*0.053 0.53*0.037 

-0.11*0.11*4 


106 

80 

14 

4 2 

' 100 

1.28*0.063 0.63*0.045 

-0.11*0.119 


. 107 

75 

24 

1 0 100 

1.26*0.046; 0.46*0,033 

-0.13*0.111 


101 

80 

14> 5 1 

100 

1.27 * 0.060 0.60 * 0.042 

-0.12*0.117 



176 


A. FRANKLIN SHULL . 


Summary of the results of the experiments, showing in particular' the similarity 
of the filial lines to the English parent line 


CHARACTER 


Size of CKg 


Time rtf egg tlf- 
velopincnt 
Place of egg lay- 
ing 

Contractility of 
foot inuaeh^a 





GENU RATION 



Fi 1 

Ei 

F, 


Ft 

F, 

back-cross , 

F< from^back-crosa 

All 3 like ! 

All 6 like . 

14 litlBH 

liVe 

5 like Eng., 

All 5 like 

: 8 lines like Eng. 

Eng. j 

Eng. 

Eng., 

Ufil): 

1 (75) in- 

Eng. 

! 2 (103, 107} like 



intermedi- ■ 

term edi- 


i Neb. 



ate 


ate 


4 (90, 93, 94, 106) 

1 




1 (79) per- 


perhaps larger 





ha pa a lit- 


than Neb. 

i 

1 




tie larger 


2 (108, 100) doubt- 





tliaii Eng. 


ful 

Botli like 

All 6 like 

All 15 

like 

All 7 like 

All 5 like ; 

21 lines like Eng. 

Eng. 

Eng. 

Eng. 


Eng. 

'Eng. ' 

1 (94) interniediate 

Both like 

All 0 like : 

All 15 

like 

All 7 like 

All 5 like i 

15 lines like Eng. 

Eng. 

Eng. 

Eng. 

! 

Eng. 

Eng. 

1 (103)intennediate 

Both like 

All 0 like 

1 All 15 

like ! 

All 7 like ; 

All 5 like ’ 

. 15 lin^ like Eng. 

Eng. i 

j Eng. 

I Eng. 


Eng. 

Eng. 

^ 1 (93) intermedi- 







ate 


In the several crosses obtained in Fi, each line possessed the 
four characteristics of the English line. This statement applies 
to both reciprocal crosses. It is rather curious, though not 
impossible, that all the dominant characteristics should have 
belonged to one of the original lines. 

In F 2 , where segregation and the reappearance of the char- 
acteristics of the Nebraska line might be expected, all of the lines 
again showed only the traits of the English rotifers. 

In Fs, with a single exception, all the lines again repeated the 
four characters of the English line. The one exception is Ime 61, 
which, in egg size, was intermediate between the English and 
Nebraska lines, but like the English rotifers in other respects. 
It is important to note, as shown in table 9, that line 61 is de- 
scended from the same source (line 56) as twelve other lines in 
F 3 . The fact that none of the other lines in F 3 showed any 
evidence of segregation can not, therefore, be attributed to the 
possibility that all the other lines descended from a parent line 
that was homozygous for each dominant character. If line 56 
could transmit greater size of egg to line 61, there were twelve 
other Fg lines in which larger eggs would have been possible. ' 
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In F 4 , the seven lines were again all like the English line, with 
the exception of one line (75), and perhaps a second (79). These 
two lines differed from the English line in size of egg, though 
perhaps not significantly in line 79. These two exceptional lines 
are descended, as table 9 shows, from line 61, which was itself 
the only exceptional line ia Fs. 

In the back crosses there was no line that differed significantly 
from the English line in any of the four characters; and this was 
true, notwithstanding that line 56, ancestor of lines 61, 75, and 
79, with their larger eggs, was used in making the back cross. 

In the generation obtained by inbreeding the lines of the 
back cross, there was more evidence of segregation, though less 
than would be expected if the characters studied behaved in 
regular Mendelian fashion (see table 16). 

Viewing the results as a whole, there was much less indication 
of segregation than might be expected. Furthermore, the four 
characters appear on the whole to have been transmitted as a 
group. Where segregation failed in one character, it usually 
failed in the rCst. The departures from this rule are few in num- 
ber, except in the last generation obtained. The importance 
of these exceptions is pointed out in what follows. 

Explanaimm of results 

Did crossing actually occur? The results in the early filial 
generations, in which all the lines were like the English parent 
line in all the characters studied, were what would have been 
expected if the eggs from which they originated had been partheno- 
genetic eggs or inbred fertilized eggs, of the English line, instead 
of cross fertilized eggs. It is not impossible that eggs more or 
less similar to the fertilized eggs may nevertheless be unfertilized. 
The fertilized eggs are, on the average, larger than the partheno-. 
genetic eggs, and have a thicker shell set with pilose projections. 
I have shown elsewhere (Shull TO, p. 343) that partheno- 
genetic eggs may have thicker shells than usual, following the 
impregnation of the female that lays them. In die case described 
in my earlier paper, just mentioned, a sexual female had been 
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impregnated, and laid two larg^ ’fertilized eggs^ one of which 
hatched as a female. The same impregnated sexual fmnale then 
laid numerous small eggs, all of which had somewhat thicker 
shells than male eggs, and required a somewhat lon^r time to 
develop, but which yielded males, showing them to have been 
parthenogcnetic. If the thickening, of the shell were carried 
further, the eggs might readily be classed as fertihzed, and yet 
be unfertilized. 

In view of the possibility that the eggs in these experiment^ 
were not truly fertilized, it seems best to state some facts which 
appear to me to exclude both parthenogenesis and inadvertent 
•inbreeding. 

In making the crosses, males of the one line were placed in a 
dish with young females and unhatched eggs of the other line. 
Before the females were half grown, and hence before they could 
have produced any males of their own line, each female was iso- 
lated in a dish and reared to maturity. This method, if care- 
fully followed, insures that whatever fertilized eggs these females 
lay are cross fertilized eggs. 

Lest, however, some error might have crept in, we may examine 
the internal evidence of crossing. 

Line 44, derived from a cross between a Nebraska female and- 
an English male, should, in case it was produced either partheno- 
genetically or by an inbred Nebraska female, have been like the 
Nebraska line. Instead, it was like the Enghsh line. And 
lines 51 and 54, descendants from line 44 by inbreeding, were 
likewise similar to the English line in all four characters. 

Line 47 (an Fi) yielded many more male-producers than either 
of the original lines. Had it been produced parthenogenetically, 
the proportion of male-producers should have been the same as 
in the line that produced it. 

• The rate of egg laying and general vigor of the females varied 
in the several Fi lines. Had they been produced parthenogeneti- 
cally they should all have been alike. 

In view of these internal evidences of crossing, and the method 
of making the crosses, there can be no doubt, it seems to me, that 
the lines described in this paper were produced by true crosses 
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between the English and Nebraska lines. This conclusion is 
strongly supported by the results in the F* generation, and F 4 
from the back cross, results which can be best explained as due 
to inheritance from the Nebraska line. 

Typical Mendelian behavior a possibility. The curious results 
summarized at the beginning of the discussion may, with the aid 
of an assumption regarding physiological facts, have a truly 
Mendelian explanation. Suppose each of .the . four characters 
in question were a simple Mendelian character. The original 
English and Nebraska lines were probably homozygous with 
respect to all four characters; the few results obtained by in- 
breeding them (see lines 48, 80, 81) are what would be expected 
if they were homozygous, and all other lines collected with them, 
in England and Nebraska, respectively, were like them at least 
in ‘egg size. Moreover, there is no internal evidence in the ex- 
periments to show that they were other than homozygous. 

If the original lines were homozygous, the three hybrid lines 
in Fi were heterozygous in all four characters. Females of such 
lines should produce sixteen kinds of gametes, and there should be 
256 different combinations in F 2 . One of the 256 should be homo- 
zj^gous for all the characters of the English line, one homozygous 
for all the. characters of the Nebraska line.. Of the remainder, 
80i or over 31 per cent, should have received each of the char- 
acters of the English line from at least one parent. If ' and here 
is the physiological assumption — only those fertilized eggs con- 
taining factors for all the characters of the English line could 
hatch and produce viable lines, the results may be explained. 
As may be seen from table 9, in no generation was the viability 
of the fertilized eggs as high as 30 per cent. 

The chief objection to this view is found in the fact that a few 
of the lines did not possess all of the characters of the English 
line. Lines 90, 106, and 107 were like the English rotifers in 
only three of the four characteristics; lines 93, 94 and 103 were 
unlike the English line in two of the four characters; yet these 
lines were healthy. 

The Mendelian explanation becomes easier if we assume that 
the characters* studied were not simple, but dependent upon, to 
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use the temiinolog}^ of G. H. Shull ('14), plural determiners. 
The proportion of combinations in F 2 , for example, which would 
include all the characters of the English line, would be increased 
by the presence of plural determiners for each character, the 
amount of increase depending *on the number of plural factors. 
The fer 1 ilizcd eggs that hatched might well have given rise, under 
these eircmnstances, to lines like the English line in all four char- 
acters, ]>urely as a matter of chance, without the assumption 
that mortality was selective. 

The [)robability that the eggs that hatched would produce 
lines wholly like the English line would be still greater if the plural 
dotorminers for each character were also, again employing the 
terminology of G. H. Shull, duplicate determiners (that is, 
factors, each of which alone produces .a character indistinguish- 
able from that i)r()duccd by any of the remaining duphcate 
determiners) and fully dominant. I do not think this condition 
is probable in the case of the four characters here studied, partly 
because, as Shull (loc. cit) has pointed out, very few cases of 
duplicate genes ha^'e yet been demonstrated, and partly because 
the unequal intermediate characters appearing in several lines 
(see those of F^, and F 4 from the back cross) are better ex- 
plained as due to (perhaps) unequal and cumulative determiners. 

The Jour characters perhaps ide^itical. At the end of the F 2 
generation, and before the data in F 3 were all collected, the fact 
that the four characters seemed to go together in the same 
lines suggested the possibility that the four characters were but 
different manifestations of a single character. At first I tried 
to relate all of them to size of body. As stated on page 157, the 
bodies of the Nebraska females were somewhat larger than those 
of the English females. Naturally, I supposed, their eggs should 
be larger, and perhaps the size influenced the time of develop- 
ment. l.arger bodies might have induced the females to remain 
mostly at the bottom, and so lay their eggs there. And lastly, 
it seemed possible, as explained on page 157, that the contraction 
of the foot muscles might be due to mechanical stimulus dependent 
on large boflip«- 
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This hypothesis was soon abandoned, because, as recounted on 
page 157, the contraction of the foot muscles was proven not to 
be due to size of body. Dr. 0. €. Glaser suggested that the single 
difference at the basis of the four described differences between 
the two lines, might be a difference in permeability; that, in some 
way, larger eggs, quicker development of eggs, laying eggs at 
the bottom of the water, and greater contractility of the foot 
muscles, might be due Jo a greater or less degree of permeability. 
Some brief experiments to test this possibility have been de> 
scribed on page 157. They resulted negatively, that is, both 
lines appeared to be equal in permeability; but I hope further 
tests may . be made. 

Serious obstacles to any explanation by which the four a])~ 
parently distinct characters are combined into one, are found in 
those lines in Fg, in F^ and especially in Fi fi'ojn the back cross, 
in which the four charactei*s do not go together. Egg size is re- 
peatedly shown to he more or less inde]:)endent of the other 
three characters (lines Gl, 75, 90, 106, 107). Short time of 
development of the eggs may separate, to some extent, from egg 
laying at the bottom and high contractility of the foot muscles 
(line 94). Egg laying at the bottom may, to a degree, part 
company with great contractility of muscles and short time of 
egg development (lihe 103). Great contractility of muscles 
need not occur in the same line with egg laying at the bottom and 
short time of egg development (line 93). 

If the. four visible characters are in reality but one, the ex- 
ceptions just noted will require subsidiary hypotheses. 

Association of factors. Any hypothesis that reduces the num- 
ber of characters which differentiated the original lines from four 
or more to one, makes simpler an explanation that is essentially 
Mendelian. In Fa, for example, where only one fertilized egg 
in eight yielded a line of rotifers that could be tested (see table 9), 
those few lines might by chance easily possess the dominant 
(single) character. The force of the preceding explanation (iden- 
tity of the four characters) depended on the fact that it sub- 
stituted one character for four; the weakness of that explanation 
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was that in certain lines the four characters were evidently not 

one. ’ ^ 

Association of factops has all the advanttige^j it seems to me, of 
uniting the four characters into one, under most circumstances, 
and has the further advantage that the union of the determiners 
is not an ironclad one. We have been made familiar with 
association of genes through the work of Morgan and his students 
(Morgan ’10, ’ll a, ’ll b, ’14; Bridges ’1^; Dexter '12; Sturte- 
vant ’13 a, ’13 b; and numerous other papers) on the fly Droso- 
phila. They assume a form of association that may be oc- 
casionally broken. The same kind of association may be preset 
in Hydatina; the four characters being ordinarily associated, 
but with the possibility that one or more of them may soirietimes 
part company with the rest. 

What the mechanism of association may be, in Hydatina, if 
association exists, is a question I have not attempted to answer. 
In Drosophila, Morgan and his pupils have held it probable 
that the genes for all associated characters reside in the same 
chromosome. The chromosomes in Drosophila are few in num- 
ber, and three— or four (Muller T4) — of them have been desig- 
nated as the seat, of different determiners. In Hydatina, on the 
other -hand, the chromosomes are numerous (12 to 15 in the 
haploid groups) and small, as shown by Whitney (’09). I would 
hesitate to locate in one of these chromosomes all of the heritable 
characters of the parthcnogenetic lines that have been discovered. 

The fact that crossing between the English and Nebraska 
rotifers was more difficult, as stated on page 158, than has been 
found true of other lines, may be due to some deep-seated disturb- 
ance of the nonnal process of fertilization in these rotifers, a 
disturbance which carried with it the association of the characters 
of the English line. 

While the hypothesis of association is not to be stated in detail, 
and while it must not be strongly maintained, it appears to me 
at the .present time quite possible, and not open to most of the 
objections which tend to disprove the other possible expla||^tions 
mentioned above. 
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SUMMARY 

Two parthenogenetic lines of the rotifer Hydatina senta, 
obtained from Englaftd and Nebraska, respectively, were found 
to differ in the following respects; 

1. The^ggs of the Nebraska line were larger than those of the 
English line. Measurements to demonstrate this difference 
were made only upon eggs laid in the first 24 hours of egg laying 
of any female, because it was shown that the eggs of one female 
gradually increased in size with increasing age of the mother. 

2. The Nebraska eggs developed in aboift two hours less time, 
on the average, than did the English eggs. Moreover, the time 
of development of the Nebraska eggs was much more uniform 
than that of. the English eggs; eggs of the Nebraska females laid 
at the same time and reared under identical conditions seldom 
differed from one another, in the time of development, .more 
than an hour, while the extreme times of development of English 
eggs under like conditions differed by four or five hours. 

3. The rate of egg production in the Nebraska line was lower 
than in the English line, being a little over 12 per day per female 
in summer in the foriner line, 15 per day in the latter. Inasmuch 
as the Nebraska eggs were the larger, the volume of egg substance 
produced in a given time by a single female was approximately 
equal in the two lines. 

4. More than 50 per cent of the eggs of the English rotifers 
were laid at the surface film of the water, during the summer; 
less than 10 per cent of the Nebraska eggs were laid at the sur- 
face, the remainder being cemented at the bottom of the dish. 
The reason for this difference in the location of the eggs is not 
known; it may be due to a difference in the demand for oxygen. 
Brief experiments tend to show that, the difference in place of 
egg laying is not due to a difference in permeability. Tempera- 
ture appears to modify the percentage of eggs laid at the surface. 

5. ^he foot muscles of the Nebraska females responded more 
vigorously to chemical stimuli than did tho^ of the English 
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females, so that when the animals were killed in a fixing fluid the 
foot of the Nebraska females was often retracted completely 
within the bod}', that of the English females being much more 
extended. 

Reciprocal crosses were made between the two line», and the 
inheritance of the above mentioned characters was traced through 
six filial generations. The inheritance of the rate of egg pro- 
duction, and of the uniformity of the time of egg development, 
was too irregular to summarize. No conclusions regarding these 
two charact(a*s ar(^ digiwn, except that the rate of egg production 
in the filial lines decreases, probably owing -partly to loss of 
vigor attendant upon inbreeding. 

Regarding the four remaining characters (size of egg, time of 
egg develo])inent, place of egg laying, and contractility of the 
foot muscles) only generalized statements can be made here. 
l)(itails must be obtained from the discussion and from the 
description of the experiments. 

In El every characteristic of the English line appears to be 
dojuinant. In Es, there is no evidence of segregation; all the 
lines show all of the chracteristics of the English line. In F 3 , 
with one exception, all lines are like the English line in each of 
the four characteristics: the one exception is a line laying eggs 
of intermediate size, but like the English line in other respects. 
In F 4 , tliore is one line (perhaps also a second) that is exceptional 
in laying eggs intermediate in size, while the other characters 
of this line, and all four characters of the other lines, w'ere like 
those of tlie English line. In a back cross between an F 2 and 
the Nebraska line, all characters of all lines are again English. 
In a generation descended by inbreeding from the back cross, 
there is e\udence of segregation of egg size, less evidence of segre- 
gation of the factors for the other characters. The results just 
stated are summarized in tabular form in table 16. 

Taking the experiments as a whole, they shovv much less seg- 
regation than w\as t(f be expected. The characters of the E^lish 
line appear to hang together, the transmission of one being the 
same, with a few exceptions, as that of all the others. 
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Evidence is given to show that the results of the experiments 
must be regarded as valid, and several possible explanations of 
the peculiarities of those results are discussed. The explanation 
may be typically Mendelian, if selective mortality of the ferti- 
lized eggs be assumed, or if each character be represented by 
plural factors. The view that all four visible differentiating 
characters are but different manifestations of a single character, 
is held to be improbable. The liypothesis that the genes for the 
four chfjracters are associated, but that the associations may be 
broken, is not strongly advocated; but the objections to it seem 
less formidable than the objections to tin? other explanations 
offered. * No mechanism of association is suggested, though 
it may depend in some way upon an abnormal process of 
fertilization. 
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INTRODUCTION 

Cytological studies have shown that in a toge number of 
species of.animafs two kinds of spennato'zoa are produSed, one 
differing from the other in the nature of its chromatin contenli. 
A large mass of indirect evidence makes it highly proba’ble that 
eggs fertilized by one of these two kinds produce only males and 
those fertilized by the other only females. Direcj; exp^imental 
test of this h}T;)o thesis has not so far been made. 'As long as 
the recognition of the differences between the two kimfe is con- 
fined to the immature stages such a test is not available. . . 

The studies described in the present paper were made witfi a 
view to recognition of differences in the mature functional sper- 
matozoa. Where spermatogenesis studies show a difference in 
amount of chromatin received by the two kinds of spermatids 
it is natural to expect a corresponding size difference in the heads 
of the completed spermatozoa. In order to t^st this hypothesis 
measurements were made of the sperm-h^is in a number of 
species of animals. A considerable vari^iqn in length was 
found in each case and since expected difference between the 
two kinds of spermatozoa is snmil in comparison with the range 
of variation it is necessary to make a large number of measure- 
ments in order to obtain the required size distribution. The 
plotted curves of variation indicate strongly the presence of size 
dimorphism in most of the species studied, and confirm the 
expectation based on the chromosomal histories. Because 
both expected and observed differences in size are small, and 
because there are so many factors that may produce apparent 
dimorphism in the data quite apart from the real dimorphism 
sought, it was deemed wise to make as many measurements 
as possible and to test carefully'suspected sources of error.**^ 

“ The first measurements made in October, 1912, disclosed at once a striking 
dimorphism. The results were discussed by tha senior author with some of the 
zoologists^at the Christhnas (’12) meetings at Prin^ton, and a preliminary paper 
on Anasa tristis w^^ublishcdin the October, ^913, number of the Biological Bulle- 
tin (E. C. Faust ’13y Iii the interval there appeared.a paper by J. B, Wodeedalek 
(June ’13), describing a similar relation for the spermatozoa of the pig. 

* The authors arc indebted to Mr. Charles Hart and Dr. Hugh Glasgow for 
identification of the insects. 
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SIZE DIMORPHISM IN SPERMATOZOA 

MATERIAL AND METHODS 
i. The species chosen for study 

/Of the available material those species were ctiosen which 
seemed to present the fewest difSculties in the way of accurate 
measurement. In nearly all of these cases the chromosomal 
history' has been worked out and shows the presence of .two sets 
of spennatids, differing from each other in amount of chromatin 
received. The list of species is given inf he table of contents, 
and details, concerning the .individual cases are presented under 
“Data and results'' (pp, 201 to 234). 

2. Ripeness of spermatozoa 

An attempt was made to obtain fully ripe spermatozoa in every 
case. An examination was made of the living material and it 
was used only in case spermatozoa with incompleted transform- 
ation were absentj|jind in case rapid movement was general. 
Motility by itself Is not a good criterion of ripeness because 
movement often appears before the .spermatozoa have reached 
the final shape and size. 

S. Preparation of spermatozoa for measurement 

The seminal fluid was used either undiluted or Jliluted with 
Ranger’s solution. It was spread on a slide which had previously 
been covered with a thin film of egg albumen. Fixation was in 
osmic fumes, Gilson's mercuro-nitric fluid or Zenker's fluid. 
Delafield's hematoxylin diluted with two or three volumes of 
distilled water was used for staining. Several other stains were 
tried but none proved as satisfactory as the hematoxylin. 

’The part measured was in every case the chromatin rod of the 
sperm-head. Attempts were made to include the cytoplasmic 
portions in the measurements, but it was not possible to get a 
clear cut outhne in the cyto^asm, especially at lifce anterior end. 
With Delatield the chromatin stains deeply and under proper 
conditions with sharp outlines. The cytoplasm stains but slightly 
in comj^arison and it is almost impossible to determine its bound- 
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aries upon the ocular ‘micrometer scale. Singe the size differ- 
ences to be expected are very small it is necessary to have very 
sharp outlines in the material. 

4 . MeUiod of meamrements 

It would be desirable to make measurements of all three 
dimensions of the sperm-heads, but in most of the spermatozoa 
studied the width ari(P thickness are so slight that differences of 
the smallness to be expected could not possibly be distinguished. 
In one case, however, the bull spermatozoon, both width and 
length ^verc measured. 

The curving of the spermatozoa in many species makes accurate 
measurement with an ocular micrometer impossible. Only 
those forms were studied in which all or nearly all of the sper- 
matozoa were straight when fixed. In case curved individuals 
were present on a slide their lengths were not included. ’ 

In taking the measurements it was als{^ necessary to make 
sure that the head lay horizontally. In no case was a spermato- 
zoon measured unless the whole head was in perfect focus at one 
time. Measurements were made with an ocular micrometer 
in a Ko. 8, 12 or 18 Zeiss compensating ocular, or No. 2 Leitz 
ocular. A 2 mm. oil immersion objective was used. A mechani- 
cal stage is •a necessity, to obviate danger of double measure- 
ment. The shorter spermatozoa were measured to tenths of 
an ocular division, the larger ones to tenths, quarters, or halves, 
though {juarters wxre found to be undesirable and therefore 
were seklom used. It is well knowm that there may be a con- 
siderable personni error in judging values on a scale even when 
the observer has no pronounced notion as to expected results. 
Alany tests were therefore made to determine the accuracy of 
the measurements. These tests involved comparison of the 
results of measurements of a particular group of spermatozoa 
by two or three different observei^, and numerous remeasure- 
ments by single observers.^ It was decided from these tests 

^ Mr. Cl. F. Siuthcrland measured several of the sets of spermatozoa as a check 
upon the determinations made by the authors. 
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that the accuracy of the method is sufficient for the purpose 
in view. Because of the necessity of a considerable degree of 
accuracy the greatest care was taken , in many directions. . 
Measurements were not made except when the light was good. 
Error due to fatigue was avoided by working for sliort intervals 
only. In some cases tests were made at the termination of the 
longer intervals of continued measurement to see if the accuracy 
suffered 'because of fatigue. This was done by remeasurement 
of a number of the spermatozoa last measure. Since the measure- 
ment of a single slide of spermatozoa involved many sittings 
care'was taken to make the conditions. as regards lighting, faiigue 
of measurer, etc., as nearly alike as possible at the different times. 
Furthermore, comparisons made between the measurements at 
different sittings showed that differences between them are 
negligible. Tabulations of the data were not made until a 
whole group was completed. The individual measurements 
were put down as made, with deliberate effort to avoid compari- 
son. Only after completion of the group was there a tabulation. 
A considerable experienjce in making measurements where differ- 
ences are minute has shown that there is danger either in favor- 
ing particular values which are expected to come out ahead in 
the final tabulation, or else in going to the opposite extreme 
because of the realization of this danger and the attempt to avoid 
it. Tn the latter case, as in the former, one may be distinctly 
unfair to certain values. 

5: Method of interpretation of 7neasurements 

If amount of chromatin were the only factor concerned in size 
there shouid.be two definite and distinct sizes among the com- 
pleted spermatozoa. In all size determinations it is however 
true that there is a marked variation in size apart from any 
known internal factor. Such variations in an otherwise uniform 
population follow the definite distribution known as the normal 
variability, or Gaussian distribution (fig. 1). If two populations 
differing from each other with regard to an internal factor affect- 
ing size, but each by itself showing a normal variability distri- 
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Fig, 1 A population of one thousand individuals exhibiting what is known as 
a normal variability distribution- The numbers in this figure and in figures 2 
to 9 were obtained by the expansion of (a + b)*® but a similar distribution is found 
in many eases of variation: ^ 

2 7 22 56 111 181 241* 181 111 -56 22' 7 2 

Fig. 2 A population of one thousand individuals consisting of two entirely 

separate components of five hundred each : 

1 3 11 28 55 00 120 90*55 28 11 3 1 — i 3 . 11 28 55 90 120 

90 55 28 11 3 1- 

Fig. 3 A population of one thousand individuals consisting of two over- 
lapping components of five hundred each and exhibiting a distribution with two 
very distinct modes. 

^ Component A 1 3 11 i;8 55 90 120 90 55 28 11 3 1 

Component B 1 3 11 28 55 90 120 90 55 28 11 3 1 

Population 1 3 11 28 55 90 121 ’93 66 56 66 93 121 90 55 28 II 3 1 

Fig. 4 A population of one thousand individuals consisting of ^overlapping 
components of five hundred each and exhibiting a distribution with the two modes 
not as prorninent as in figure 3. • 

Component A 1 3 11 ^8 55 90 120 90 55 28 11 3- 1 

Components 1 3 11 28 55 * 90 120 90 .55 28 II 3 1 

Population 1 3 II' 28 56 93 131 118 110 118 131 93 56 28 Ml ~3 1 

Fig. 5 A population of one thousand individuals consisting of two overlapping 

components of five hundred each, which are so close together as to produce a 
flat topped curve of distribution with just a trace of the two sepaptb modes. 
Component A 1 3 11 28 .55 90 120 90 65 ■ 28 11 3 1 

Components 1 3 11 28 55 90 120 90 55 28 11 3 1 

Population 1 3 11 29 58 101 148 145 145 148 101 58 . 29 11 S 1 

Fig. C A population of one thousand individuals consisting of twm over- 
lapping components of five hundred each, which are so close together as to produce 
a imimodal curve of distribution. 

Coiftponent A. I 3 11 28 55 90 120 90 55 28 11 S 1 , , 

ComponentB 1 3 11 28 65 90 120 90 55 28 11 3 1 


Population 1 3 12 31 66 118 175 180 175 118 66 31 12 3 1 
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bution, are mixed, as according to hypothesis they are in the case 
of the spermatozoa in question, the distribution of individuals 
among the different sizes should differ from that found in a uni- 
form population. It should furthermore be posable from the 
character of the distribution to determine something oit the 
characters of the two component populations, the resultant 
depending among other things upon the degree 6f difference 
between the two components and upon the comparative numbers 
in the two. 

Figure 1 is an ideal normal variability curve. 'Figures 2, 
3, 4, 5 and 6 give the components and resultants of combinations 
between two populations of equal numbers, \iarious degrees 
of separation of the modes of the two populations are represented. 
In case the modes are widely separated the two populations come 
out as two entirely separate unimodal curvas (fig. 2). In case 
they are closer together there are different degrees, of overlapping 
giving resultant curves with two distinct modes (fig. 3), with 
less distinct modes (fig. 4), with one flattened mode (fig. 5) and 
finally with an appearance not to be distinguished by bare 
inspection from a curve of normal variability (fig. 6). These 
different appearances are due to different degrees of proximity 
of the component modes. In the last case given (fig. 6) where 
the components are close together, it is not possible to determine 
from the resultant curve whether or not it is a single simple curve 
or the combination of two, though no doubt this might be done 
by mathematical analysis (Pearson, ^94; T4). ’ 

If one of the two components has, a larger number of individuals 
than the other, and the modes are close enough to bring an 
overlapping of sizes the resultant curves may be represented by 
figures 7, 8 and 9. Different degrees of separation of the coni- 
ponent modes are again represented. 

It is evident from the above cases that there may be a question 
as to presence of two or only one component in a population 
which shows an approximation to the Gaussian curve in its 
group distribution because in case the modes of two component 
groups are close together the resultant may closely resemble a 
simple curve. On the other hand, if there is a pronounced de- 
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Fig. 7 A population of one tliousaiid individuals consisting of two over- 
lapping components, one twice as numerous as the other, and exhibiting two dis- 
tinct modes when combined. 

Component A 2 4. 14 38 74 120 160 13,0 74 3S 14 4 2 

Component B 1 2 7 19 37 60 80 60 37 19 7 2 I 

Population 2 4 14 38 74 120 161 122 78 57 51 64 82 60 37 19 7 2 I 

Fig. 8 A population of one thousand individuals consisting of two over- 
lapping components, one twice UvS numerous a.s^he other, and exhibiting two modes 
when combined. 

.Compoiient A 2 4 14 38 74 120 160 120 74 38 14 4 3 

Component B ■ 1 2 7 19 ,37 60 80 GO 37 19 7 2 I 

Population 2 4 14 3 8 74 1 21 102 1 2 7 03 75 74 84 0 2 37 19 7 2 ~1 

Fig. 0 A population of one thousand individuals consisting of two compo- 

nents, one twice as numerous as the other, and exhibiting when combined an asym- 
metrical distribution with a single mode. 

Component A 2 4 14 38- 74 120 160 120 74 33 14 4 2 

Component B I 2 7 19 37 60 80 60 37 19 7 2 1 

Population 2 4 15 40 81 139 197 180 164 98 51 23 9*2 1 
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parture from the Gaussian form so»that there is, a marked flatness 
of the top of the curve or two distinct modes it is almost certain 
where a large number of individuals are measured that the popu- 
lation must consist of at least two principal distinct components. 
The chance in a sample including five hundred or more individuals 
that a uniform population will show a distinctly humped or a 
bimodal appearance is very slight indeed. 

Since in the length determination considered in the present 
paper there is a range of variation greater than the expected 
difference between the two hypothetical classes, the method Of 
procedure must be the one outlined above. The size distribution 
of the population is obtained, and from its character an attempt 
is made to determine whether there is any evidence oh heterogene- 
ity and if so to determine the probability that this hetero- 
geneity is of- the kind to be expected on the basis of known 
chromosomal history. 

Because of the smallness of the expected difference it is of the 
utmost importance to consider carefully the possibility that 
dimorphism or monomorphism in the data may represent some- 
thing other than the actual condition of the living functional 
spermatozoa. Lack of care may easily introduce a spurious 
dimorphism not at all present in the original material. The 
.reverse is also true that certain methods of technique and obser- 
vation may obscure dimorphism that does exist in the living ripe 
material. Such a discrepancy between final data and original 
material may be introduced in many ways. The problem in 
hand is the determination of the presence or absence of two size 
groups in a single testis. The possible sources of error must 
therefore be carefully centered. 

6. Possible sources of, error 

Having determined the character of the variation curve it 
can not at once be concluded that the character of the living 
functional spermatozoa has been discovered, curve is 

obtained from the measurements as put down in the note-book. 
There is (a) ‘first of all the possibility that certain peculiarities 
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of tile curve are due to the personal equation of the observer, 
or to other errors in measurement^ and are not at all represented 
in the material on the sHde. There is (&) the further possibility 
that the arterial on the slide does not represent the true char- 
acter of the living material The method of preparation may 
have introduced differences, giving the characteristic features 
to the curve. Finally (c) there is the question of the significance 
of the characteristics of the living sample if no errors are con- 
sidered to have been introduced by measurement, or by other 
parts of the technique. For example, if two size groups actually^ 
exist in the livihg sample obtained they may have been produced 
by any one of a number of conditions quite apart from differences 
in chromatin content. 

It remains to consider more specifically the possible sources 
of error under each of the heads mentioned, and the means 
pursued in attempting to eliminate them. 

(a) Sources of error connected with measurement. (1) All -sper- 
matozoa which were not in perfect focus at both ends at one 
time were discarded because the fore-shortening would have 
introduced an error. It is possible that the longer spermatozoa 
are more frequently discarded for this reason than the shorter 
ones, because they may more frequently be in this tilted position. 
This would tend- to introduce a spurious preponderance of the 
shorter ones. There is no reason to believe, however, that such 
an error would introduce a false biinodaJity, It might, liowever, 
bring asymmetry into a bimodal distribution. 

(2) It took a number of sittings to complete a single set of 
measurements. The bimodality may be due to different stand- 
ards of measurement used at the djiferent times, resulting from 
change in intensity of light, in fatigue, etc. The precautions 
taken to avoid such an error are discussed abov<5 (pp. 190-1 91). 

(3) 'The character of the scale used may bring about a tendency 
to aggregate individuals around certain points. Thus a sUghtly 
heavier and therefore thicker line at a certain point in the scale 
is very likely to acquire a wider zone than a narrow line and foT 
this reason will have a greater number of individuals credited 
to it. 



198 


CHARLES ZELENY AND E, C. FAUST 


The observer's personal equation may lead him to prefer 
certain tenths to others, the wholes to the halves, or vice versa, 
and especially certain quarters to others. Numerous tests 
were made by using scales which differed from each qthier in the 
value of their units, and by using different observers for the same 
material. It will be noted that in most of the cases ^t least two 
measurements were made of the sperniatozoa of a species, often 
by different observers. 

(4) Alany individual spermatozoa come near the border line 
between two of the smallest units of measurement. An observer 
who has obtained certain results in previous work, or who has a 
hypothesis as to what may be expected is likely unconsciously 
to influence the data thereby if he does not recognize the possi- 
bility. If he does recognize it, and is most scrupulous in attejnpt- 
ing to avoid the introduction of such a bias he may get into error 
in the other direction. If he is over-zealous in the desire to be 
fair he may throw all doubtful cases in such a way as to obscure 
the truth. 

(&) Possible sources of error in connection with the preparation 
of the material for measurement, (1) Differences in fixation or 
staining at different parts of the slide may cause apparent dimor- 
phism in case there are two regions on the same slide which differ 
distinctly in this regard. In several of the species the data were 
tabulated separately for different regions of the slide, and di- 
morphism appeared in each of them. In these cases this source 
of error is eliminated. 

(2) When the spermatozoa are .spread out on the slide drying 
proceeds rapidly at the edges. This may cause a greater shrink- 
ing along the edges of the cofer-glass than at the center. Tabula- 
tion from the center and from the sides of the cover-glass, how- 
ever, showed no essential difference between the two regions. 

(3) In some of the first slides examined aeeto-carmine was 
used as a fixing agent and stain. The living spermatozoa were 
put under an oblong cover-glass and the aceto-carmine was drawn 
through by the action of filter paper placed at one end of the 
long axis. The measurements showed a difference in size of the 
spermatozoa at the two ends of the cover-glass. Such material 
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of course was discarded for present purposes but the case is 
inter^ting because it shows another way in wliich regional 
differences may be produced on a slide. It furthermore indicates 
a possible means of separating larger from smaller living sper- 
matozoa in cases where it is desired to test them in fertilization 
experiments. 

(4) In spreading seminal fluid on a slide coated with an albu- 
men film individual spermatozoa are sometimes stretched and 
otherwise distorted. Such distorted individuals can • often be 
readily recognized, but it is undoubtedly true that slightly 
stretched oqes may be measured. Such stretched individuals 
may be introduced into the data and form a class of their owai 
which may make up one of the dimorphic groups. To avoid 
such a contingency slides with many stretched spermatozoa 
were discarded. 

(5) Some of the spermatozoa on practically all the slides are 
curved. In case the curvature is in the plane of the slide both 
ends may be in focus at the same time, and the curved as well as 
the straight spermatozoa may be measured.* In case there is 
one definite degree of curvature which is so slight as to be often 
confused with the straight condition an apparent dimorphism 
may be introduced. To avoid this care was taken to measure 
only straight spermatozoa and to discard entirely slides with 
many curved individuals, 

(6) In case the larger spermatozoa tend to curve more readily 
than the shorter ones, or vice versa, discarding of the curved 
individuals may introduce a spurious unim'odal condition, or 
cause an asymmetrical bimodakcurve in cases in which the normal' 
population is symmetrically bimodal* 

(7) The chromatin rod takes a heavy strain, and the cytoplas- 
mic cap a light one. In some cases, especially in the short blunt 
spermatozoa of vertebrates, the cytoplasmic cap may make it 
difficult to get clearly the exact limit of the chromatin portion 
of the head. There may be a tendency to include the cytoplasmic 
band in certain of the cases and thereby produce an apparent 
dimorphism. 
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(c) Possible erroneom interpretation of the character of the Unng 
sample considering the other sources of error to be eliminated^ ^ (1) 
The error of random sampling. It is possible that the size 
distribution obtained by taking a sample of the sp^amatozoa 
of a single testis is not the same as the one that would be ob- 
tained if all the spermatozoa of that testis were measured. Tlfe 
chance that a particular distribution may be the result of random 
sampling in any particular case can be determined by mathe- 
matical analysis. The number of individuals used in the present 
determination is generally considered to be sufficient to avoid 
any considerable error. 

(2) If two or more different degrees of maturity are present in 
the sample studied an apparent dimorphism may appear. The 
precautions taken to avoid this are mentioned above (p. 189), 
In order that a distinct dimorphism due to .this cause may appear 
it is necessary that growth during transformation of spermatid 
to spermatozoop be not uniform. ' There must be a very rapid 
change to the end product from a distinct stage which *is at casual 
glance indistinguiirtiable from the fully completed one. There 
will then be few intermediate forms at any particular time, but 
comparatively larger numbers of the earlier and later stages. 

(3) There may be an accumulation of spermatozoa of a 
particular size at one time in a particular part of the efferent ducts 
of the testis because of differences in physiological activity, or 
possibly because of a mechanical separati^h. This would of 
course tend to obscure any dimorphism that might be present 
if we took the whole mass of spermatozoa of the testis. So far 
'as this factor is concerned any dimorphism that 'has been made 
out would merely be accentuated if the error were corrected. 

(4) The chromatin rod length of the sperm-head may .differ 
from the total sperm-head length in frequency distribution. 
Since the chromatin rod length is so near the total length of the 
sperm-head this contingency need not be seriously considered. 

(5) If spermatozoa from two different individuals or from the 
two testes of a single individual were mixed together the measure- 
ments of such a population might show a dimorphism not due 
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to ®erences present within a single testis. Therefore through- 
oat this study only spermatozoa from single testes were measured 
in a dn^e.set. 

While t^here are 'a very great many possible soui’oes of error, 
and they should not be minimized in such determinations as the 
present, yet with the precautions taken, when the cumulative 
effect of the whole mass of evidence is considered, it is impossible 
that the conclusion to be drawn from the work as a whole can be 
injdoub’t: ‘ It is also to be noted that many of the possible sources 
of error tend to obscure rather than accentuate a probable 
dimorph^m. 

DATA *AND RESULTS 
1, Musca domestka 

(a) Spermdtogenem evidence concernkig dimorphism ^ Accord- 
ing to the description of N. AI. Stevens (’08) X and Y chromo- 
somes are present. One-half of the spermatids r|peive the larger, 
or X chromosome, and the other half the smaller, or Y, chrornp- 
some. According to the drawings the other ehromosomal pairs 
, are made up of equal components. The total amount of chroma- 
tin received the spermatids with an X chromosome should 
therefore be greater than that received by the spermatids with 
a Y chromosome. The sperm-head (fig. 10 e) is made up almost 
wholly of dense chromatin material. Assuming that the degree 
of condensation of the chromatin does not differ in the two 
cases, and there is no reason to suppose such a difference, the 
size of the sperm-heads ought to be directly proportional to the 
amount of chromatin received. Knowing the volumes of chro- 
matin, it, ought to be possible to figure out the expected lengths 
of the two kinds of sperm-heads. 

Calculations.made from the published figures must of necessity 
be crude since the exact shapes cannot be determined. They 
are, . however,' of considerable value as a rough check on the 
l^gth meaiBurements. Miss Stevens’ plate 1, figure 3, representing 
a late prophase of the first division was used for the measurement 
of tl;e chromosomes in this species. The values obtained are 




Fiji;. 10 Diaf^rains of lieads of spermatozoa; camera lucida drawings. X 1340. 
a, Mclanoplus diffcrentialis; b, Melanoplus femur-rubnim; c, Gryllus abbreviatus; 
d, .Vcshna canadensis; e, Musca doinestica; Phytonomus punctatus; g, Lygaeus 
kalTiiii’ /i, Anasa tristis; Alydiis pilosulii.s: Trirhabdatomentosa; Ap Psuedemys 
tioosti; /, Rana pipieiis; m, Galhis doincstieus; v, Ros taurus; o, Ovis aries; p, 
Caiiis fumiliaris; n. Homo sapiens. 

not absolute lenglhs and breadths, as these are not necessary in 
order to obtain relative sizes; 


ChromoainiK’n 

]Vi(tth 

Length 

Chromaso’mcs 

Width . 

Length 

a 

3.6 

12.0 

e 

3.5 

17.0 

b 

2.9 , 

15.0 

Y 

2.1 

' 2.2 

• c 

3.0 

9.6 

X 

4.4 

5.2 

d 

3.2 

13.3 
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\ One group of spermatids receives chromosomes a, b, c, d, e and 
y, and the other group, chromosomes a, b, c, d, e, and X. Two 
detenninations were made: 

(1) The expected ratio between the lengths of the two classes 
of spermatozoa in case the chromatin fuses together to form one 
mass which is molded into a constant shape regardless of amount*^ 
In this case the resultant sperm-heads will have the same pro- 
portions between length, width and thickness regardless of size. 
The calculated ratio on this basis is length of sperm-heads with 
Y chromosome: length of sperm-beads with X chromosome:: 
1.00 : 1.08. 

(2) The expected ratio between the lengths of the two classes 
in case the chromosomes are united end to end to produce the 
chromatin rod of the spermatozoon. Since the figure gives the 
late prophase of the first maturation division the resultant 
length after end to end fusion of chromosomes depends upon the 
manner in which the material is divided durii^g the divisions. 
If all divisions .were strictly longitudinal, and there were no 
contraction, the resultant length would be the same as for the 
figure. In ca^e the divisions bring about a reduction in length 
of each chromosome the maximum reduction that is possible is 
to one-fourth for the ordinary chromosomes and to one-half 
for X and Y chromosomes. Taking the two extreme possi- 
bilities the ratios are: ’ 

Sperm head with Y: sperm head with X :: l.(X) :*1.04 
Sperm head with Y : sperm head with X :: 1.00 ; 1.08 

The former is true in case of longitudinal division of chromo- 
somes, the latter in case of cross division of chromosomes. The 
first determination is probably nearer the truth, than the second. 

Comb^g the volume and end-to-end determinations the 
extreme ratios are 1.00 : 1.04 and 1.00 ; 1.08. Leaving out the 
errors due to crudity of the measurement we may consider that 
somewhere between these values the true expected value is to 
be found. There is every reason to believe that the^ first deter- 
mination (1), the one based on production of spermatozoa of 
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like shape, is the true one. The other determination is put in 
merely for the sake of completeness since we do. not have ab- 
solute certainty on this point. 

(b) Material and ynethod. Obtained at Urbana, Illinois, May 
IS, 1913; exhibited motility in Ringer's solution; killed in osmic 

» fumes; diagram of sperm-head in figure 10 e; measurements 
were made to halves of micrometer divisions, one division being 
equal to l.l;i. Only about one in 'every fifty spermatozoa had 
to be discarded because of curvmturo. Only three spermatozoa 
in all three sets combined were found to be obviously immature. 
Other testes than those used in these measurements showed' that 
motility is present in various stages before completion of the 
transformation of spermatids to spermatozoa. 

(c) Data. Three series of measurements were made: (1) 444 
spei'matozoa from a right testis; the distribution of size groups 
is given in graphical and in numerical form in figure 11. The 
distribution is distinctly bimodal. (2) 465 spermatozoa from the 
left testis of the same individual (fig. 12). The distribution is 
again distinctly bimodal. (3) 784 spermatozoa from the same 
testis as (2) (fig. 13). The distribution is a third, time distinctly 
bimodal. 

(d) Conclusion. There is an evident bimodality in each of the 
three determinations. The general significance of such an 
observed bimodality has been discussed under the general section 
on ^^I\Jaterials and methods," especially on pages 189 to 201. 

Here a special comparison may be made between the lengths 
as observed and as calculated on the basis of spermatogenesis 
descriptions and figures. If the bimodal curves represent a 
mixture of tv.'o populations each with a normal variation dis^ 
tribution, the distance between the two modes of the obseryed 
distribution is equal to or less than, the distance between the 
modes of the two component curves (figs. 1 to 9). The observed 
modes for iMusca are to each other as: 


35, S : 38.6 or 1.00 : 1.08 for figure 11 
35.8 : 38.6 or 1.00 : 1,08 for figure 12 
36.4 :38,0 or 1.00 : 1.04 for figure 13 



90 

BO 

70 


60 


sol 



Fig. 11 Musca dorncstic^a: frequency dif^tribution of head-length, of 444 
spermatozoa from right testis, 

Value in 30.9 31.4 32, U 33.5 33.1 33.6 34.2 34.7 3;i.3 35. K 

Frequeney 1 3 5 6 11 9 12 16 20 39 

3C.4 36.9 37.5 3S,0 3S.6 39,1 39 7 40.2 40 8 41.3 

38 53 20 40 50 39 33 27 17 14 

41.9 42,4 43.0 43.5 44.1 11.6 

n 5 1 1 2 1 



31.4 32,5 33.6 34,7 .35.S 30,9 38.0 39,1 40.2 41..3 42.4 43..5 44.6 


Fig, 12 Musca domestica; frequency distribution of head-lengths of 465 
Bpermatozoa from left, testis, 

ValTiciii/i 31.4 33 (1 32.5 33 1 33.6 34.2 34,7 35.3 35.8 30,4 

Fieqiwncy 0 0 1 S 5 11 14 16 42 30 

36.9 37,5 38.0 38.0 39 I 39.7 40.2 40.8 41.3 41.9 

38 19 43 54 ,5.3 39 32 19 17 7 

42.4 43.0 43.5 44.1 

7 3 10 


20o 
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140 

\r} 

too 


60 ; 

I 

40 i 

I 
! 

20 • 

I 

30.9 31, 9 32.9 33.9 34.9 35.9 35.9 37.9 33.9 33.9 49.9 41.9 42.9 43.9 44.9 

Fig. 13 Miisca domes tic a; frequency distribution of head-lengths ot 76& 
spermatozoa from same testis as the one in figure 12. 

Yaluein^i 31.4 31.9 32.4 32.9 33.4 33.9 34.4 34.9 35.4 S5.9 

Frequency 2 0 7 2 4 14 20 29 30 43 

36.4 36.9 37,4 37,9 38.4 38.9 39.4 39.9 40.4 40.9 

60 79 57 51 75 68 43 44 36 34 

41.4 41.9 42.4 42 9 43.4 43.9 44.4 

23 13 13 10 5 5 2 

These agree well with the values expected from the spermato- 
genesis determinations, which are between 1.00 : 1.04 and 1.00 : 
1.08. This agreement strengthens the view that the two classes 
indicated by the bimodaUty of the variation curve are actu- 
ally related to difference in chromatin content as observed in 
spermatogenesis. 

There is an asymjnetry of distribution in all* three sets. The 
group with the larger individuals is slightly greater, than the 
group with the smaller individuals. The significance of this 
asymmetry is uncertain. It may be due merely to one of the 
uncontrolled factors already mentioned uuder possible sources 
of error. The same may be said of the various minor irregulari- 
ties in this and other determinations. If th’ey are not due to 
errors creeping in during the course of preparation and obser- 
vation they indicate that size' of spermatozoa is influenced by 
several distinct factors. 
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Lygaeus kalmii 

{a) S'peqinatogtnesis evidence concerning dimorphism. While 
there is no description of this particular species, E. B. Wilson 
(^05 *a) has described X and Y chromosomes in the related species 
L, turcicus. The measurements as taken from a side view of 
the metaphase of the second division (Wilson’s fig. 11) give 
the following dimensions: 


ChromoaetMt 

H'tAA 

Length 


wm 

Length 

a 

2.9 

3.2 

e 

3.2 

3.4 

b 

2.9 

3.6 

f 

2.8 

2.9 

c 

3.1 

3.7‘ 

. Y 

0.9 

1.9 

d 

3.3 

3.6 

X 

2.0 

3.2 


One group of spermatids receives chromosomes a, b, c, d^ e, f 
and Y, ai;d the other group receives a, b, c, d, e, f and X. This 
gives a ratio for expected lengths of 1.00 : 1.02 on the basis of 
fusion of chromosomes to form spermatozoa of like shape or 
1.00 : 1.06 on the basis of end to end fusion of chromosomes; 

(b) Material and method. Obtained at Woods Hole, Massa- 
chusetts, September 1, 1913; exhibited motility; killed in osmic 
fumes; diagram of sperm-head in figure 10 g; measurement to 
halves of units of micrometer scale, one unit being equal to 0.996)w, 
in the first set, a^id 0.97/; in the second set. Only two curved 
individuals were found in the first set, and none in the second. 

(c) Data. Two sets of measurements* were made: (1) 493 
spermatozoa .from a right. testis (fig. 14). The distribution is 
bimodal arid indicates two groups in the population. (2) 501 
spermatozoa from the same testis (fig. 15). The distribution 
is again bimodal. 

(d) Conclusion. The spermatozoa do not constitute a uniform 
population. There are two distinct size groups. The observed 
modes are to each other as 

36.8 : 38.3 or 1 .00 : 1.04 in the first set 
36.8 : 37,8 or 1.00 : 1 ,03 in the second set 

These values come between the 1.00 : 1.02 and the 1.00 : 1.06 
ratios calculated from the chromosomal* differences of the closely 



208 


CHARLES ZELENY AKD E. C. FAUST 



:}2 3 33.3 34.3 35.3 36.3 37,3 3S.3 aD.S 40.3 41.3 43.3 
rij!;. 14 Ly^aeiis kalniii; froqijoncy distiihution of hoad-lonji'ths of 493 sper* 
malozda from tho right testis. 

Vahioin/i 33.3 33.8 34.3 34.8 35.3 35.8 36.3 36.8 37.3 37.8 

rnNlCfiicy 2 3 0 6 20 44 .14 67 3.1 75 

3S.3 38 8 30,3 39.8 40.3 40.8 41.3 ' 

87 48 28 8 S 2 1 



32.1 33.0 33.9 34.0 35.0 36.8 37.8 38.8 39.8 40,8 11.7 42.7 

I'ig. I,') Lygacus kalmii; frequency distribution of head-lengths of 501 sper- 
matozoa from the same testis as the one in figure 14. 

Valuoin^i 32. -i 33.0 33.5 33 9 34.4 34.9 3.5.4 3,5.9 36.3 36.8 

Kre<iiiciii:y 1 2 2 2 11 10 16 34 68 89 

37.3 37.8 38.3 38.8 39.2 39. T 40.2 40.7 41,2 41,6 42.1 

52 SO 71 33 15 5 4 2 1 2 1 
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related species L. turcicus. There is a high degree of probability, 
therefore, that the two size groups are correlated with chromo- 
somal differences. 

3. Ahjdus piJomlus 

, {a) Spermatogenesis evidence concerning dimorphwn. Accord- 
ing to the description of E. B. Wilson (’05 b) there is an accessory 
or X chromosome. One?half of the spermatids ought therefore 
to differ in chromatin content from the other half by the value 
of .this chromosome. The nieasurernonts of the chromosomes 
as taken from Wilson’s figure e of the late prophase of the first 
division are the following; 


Chr&mdftotnes 

Width 

Lm^tk 

ChroftioKotui'^ 

Width 

Length 

a 

3,4 

3,9 

C 

3.2 

3,4 

b 

4.6 

4.9 

f 

3.2 

4,9 

c 

4.4 

.5 0 

:\ 

3 9 

4.8 

d 

1.8 

3.4 





One-half of the spermatids receive chrouiosomes a, b, c, d, e 
and f, and the other half a, b, c, d, e, f and X. Using the method 
described under Musca (p. 201) the exjK'ctcd ratios of length of 
sperm-heads without X to length of sperm-heads with X are 
1.00 : 1.06 for complete fusion and remolding, and 1.00 : 1.09 
to 1.19 for end to. end fusion of chromosomes. 

(6) Material and method. Obtained at IJrhana, Illinois, 
October 15, 1913; the spermatozoa all mature, the individual 
being one left over .from the summer and not a young animal; 
killed in osmic fumes; diagram of a spermatozoon shown in 
figure 10 i; measurements to whole units in the first set and to 
quarter units in the second though the latter are grouped in 
halves because of internal evidence of a tendency to neglect 
the quarters. One unit of micrometer equals 0.996^. 

(c) Data, Two sets of measurements were made: 

(1) 429 spermatozoa from a right testis (fig. 16). The dis- 
tribution is bimodal (2) 469 spermatozoa from the same right 
testis (fig. 17). There is a bimodality with marked asymmetry. 

(d) Co7iclusion. The spermatozoa do not constitute a uniform 
population. There is distinct evidence of two main groups. 
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27,9 28.9 29.9 SO. 9 31.9 32.9 33.9 34.9 35.9 36.9 37.9 38.9 
Fig. If) Alydus pilosulus; frequency distribution of head-lengths of 429 sper- 
matozoa from right testis. 

Valucin/J 28.9 29.9 30.9 31.9 32.9 S3. 9 34.9 35.9 36.9 
Frequency G 19 40 94 80 100 51 18 ’ 6 


Fig. 17 Alydus pilosulus; frequency distribution of head-lengths of 469 sper- 
matozoa from the same testis as the one in figure 16. 

Valueinyi 30.2 30.7 31,2 31.7 S2.2 32.7 33.2 33.7 54.2 34.7 . 

Frequency 3 2 15 17 47 39 63 71 68 55 

35,2 35,7 36.2 

49 24 16 
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The modes for the first set arc and 33.9^1 giving a ratio 
of 1.00 : 1.06. The modes for the second set are 32.25iu and 33.75/i 
giving a ratio of 1.00 : 1.05. This is very close to the ratio, 
1.00 : 1.06, expected on the basis of complete fusion of chromo- 
somes and formation of spermatozoa all of which are of the same 
shape. 

4- Anasa iristi^ 

Size dimorphism in the spermatozoa has been described by 
the junior author (Faust 13). The following account gives so-me 
new measurements in addition to the old ones, and also adds the 
calculations of the length ratio to be expected on the basis of 
ehxomosomal history. 

(a) Spermatogenesis evidence concerning dimorphism. An X 
chromosome' has been described by E. B. Wilson (’05 b) and 
others. The dimensions of the chromosomes for the mctaphase 
of the first division as given in Wilson’s figure 2o are as follows: 




Chromosomes 

. Width 

Length 

Chro7nosomca 

Width 

Length 

& 

3.2 

8.6 

.f 

3,5 

5.2 

b 

3.8 

6.1 

■g. 

3.3 

GO 

c 

3.5 

4.8 

h 

3.0 

3.9 

d 

3.2 

5,7 

i 

1.5 

1.5 

e . 

3.3 . 

. 5.0 

X 

2.9 

10.2 


One-half of the spermatids receive chromosomes a, b, c, d, c, f, 
g, h and i, .and the other half the same with the addition of X. 
Using the methods applied above to Musca (p. 201) the follow- 
ing ratios are obtained between sperm-head length without the 
X chromosome and sperm-head length with the X chromosome. 
In case there is complete fusion and remodeling to uniform pro- 
portions, 1.00 : 1.11, in case of end to end fusion 1.00 : 1.21 or 
1.00:1,42 according to behavior of . chromosomes during the 
maturation divisions. 

(5) Material and method. A diagram of the sperm-head is 
given in figure 10 h. The new sets of measurements do not 
involve any new method; (see E. C. Faust T 3). 

(c) Dfita. Ten sets of measiu’ements have been made. These 
are given in figures 18 to 27. 
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22.(58 23.76 24.84 2.5,92 27.00 28.08 29.10 30.24 31,32 32.40 33.48 34.56 

IS Anasa tristis; frn(}uency distribution of head-lengths of 653 sper- 
matozoa from right tc.stis. 

VjiliK'iiJM 22,7 2.1.2 23. S 24 3 34.8 25.1 2.5.9 20.5 27.0 27.5 

Ficfiiwirv 2 3 .5 7 9 10 17 33 33 45 

28M 28.0 29.2 29.7 .10.2 30-8 31.3 31.8 32,4 32.9 33.5 34.0 34.6 

fil (U 34 59 69 65 45 37 34 20 9 S 2 



22.68 23.76 24-84 25.92 27.00 28.08 29,10 30.24 31 12 33.40 34,56 36.64 

Fig.. 19 Anasa tristis; frequency distribution of head-lengths of 391 sper- 
matozoa from left testis of same individual as figure 18. 

Valucin/i 22,7 23.2 23.8 24.3 24,8 25.4 25,9 26.5 27,0 27.5 

Frequency 0 2 3 . 7 12 10 19 15 22 43 

28.1 2S,G 29.2 29. T 30 2 30. S 31.3 31.8 32.4 32.9 

44 31 IS 30 32 31 20 15 9 6 

o3.5 34.0 34,6 

3 2 2 
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Fig. 20 Anasa tristis; frcqncnoy (Hstribulion of luvol-Uoigths i>f 370 spn-- 
inatozoa from right testis, 

Valuein/i 32.7 23 2 33.8 3J 3 2^8 2.r I 35 0 30 .5 37.0 27.5 

Frequency I 1 I 1 3 4 7 to 20 27 

2S.1 28-6 29.2 29.7 30,2 30.8.31.3 31 S 32.4 32.0 

51 22 15 30 33 37 34 20 17 1-5 

3,3.5 34.(1 34.0 

10 9 9 



Fig. 21 Anasa tristis; frequency distribution of head-lcnglhs of 443 sper- 
matozoa from left testis of same individual ns the one in figure 20. 

Valueirift 22,7 23,2 23,8 24.3 24 8 2,5,4 2,5.9 2G.5 27,0 27,5 

Frequency 1 3 4 7 8 9 30 32 42 48 

28.1 28.6 29.2 29.7 30.2 30,8 31,3 31.8 32.4 32,9 

47 32 21 32 36 38 25 14 0 5 

33.5 34.0 31.6 

I 1 1 
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Fig. 22 Anasa tristis; frequency distribution of head-lengths of 404 sper- 
fiiatozoa from right testis. 

Valuein/i 24.3 24.8 25,4 25,9 26.5 27.0 27.5 28.1 28.6 29.2 . 

.Frequency 1 4 4 7 13 16 27 33 26 21 

29.7 o0,2 S0.8 31.3 31.8 32.4 32.9 33.5 34.0 34.6 

40 51 65 33 27 17 9 6 3 1 



Fig. 23 Anasa tristis; frequency distribution of head-lengths of 384 sper- 
matozoa from left testis of same individual as figure 22. 

ValuciriM 28 5 27.0 27.5 28,1 28'5 29.2 29.7 30.2 30.8 31.3 

FreQUi;ui;y 1 3 5 13 35 22 47 60 58 44 

31.8 32.4 32,9 33.5 34.0 34.6 tb.l 35.6 

30 . 20 19 18 5 4 J 1 
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Fig. 24 Aflasa tristis; frequency distribution of head-lengths of 394 sper- 
matozoa from right testis. 

Valuein/i 3S.8 24.3 24.8 25.4 25 9 26.5 27.0 27.5 28.1 28.6 29.2 

Frequency 2 2 2 7 8 20 32 41 56 41 24 

29.7 30.2 30.8.31.3 31,8 32 4 32.9 33.5 34.0 34,6 

29 28 33 20 22 8 5 2 2 0 



Fig. 25 Anasa tristis; frequency distribution of head-lengths of 322 sper- 
matozoa from left testis of same individual as the one in figure 24. 

ValueinAi 25.9 26,5 27,0 27,5 28,1 28.6 29 2 29,7 30.2 30.8 31.3 

Frequency 1 I 3 5 7 10 11 24 45 50 40 

81.8 32.4 82.9 3.3.5 34,0 34.6 35.1 35.0 

41 37 21 13 12 5 4 2 
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‘Jfi frequency distribution of head-lengths of 993 sper- 

inatoznii from saiiu; left testis as the one in figure 25. 

Value in 27.0 27,5 28. 0 28.5 29.0 29.5 30.0 30.5 31.0 31.5 

Fre(iuuiu',\ 1 2 7 9 13 10 47 48 103 112 

32.0 32.5 33.0 33.5 34,0 34,5 35.0 35.5 36.0 36.5 

111 100 09 89 81 61 47 21 15 10 
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(d) Conclusion, Nine of the ten sets of measurements show 
very distinctly a bimodal distribution. The one unimodal set 
agr^ very closely with the upper group of a bimodal set. Con- 
sidering the evidence as a whole there is no escape from the 
conclusion that there are two principal size groups among the 
spermatozoa of Anasa tristis. The high points in nearly all 
the cases come at essentially the same places in the different 
measurements, though there is considerable variation in details. 
That the two size groups are dependent upon chromosomal 
differences is made very probable by a comparison of the observed 
and expected ratios. The two modes and the ratios for the 
different sets are as follows; 


Set 

Figure 

Loivtr nmile 

C/J/iir mode. 

liulio 

A 

18 

28,3.5 

30.2 

1.00 

1.07 

B 

19 

27,5 

30.2 

1 IX) 

MO 

C 

20 

28,1 

*30.8 

1.00 

MO 

D 

21 

27 ..5 

30,8 

1,00 

M2 

E 

* 22 

2S,1 

30.8 

1 .00 

MO 

F 

. 23 

28.1) 

30.8 

1.00 

i.as 

G 

24 

28,1 

30. S 

1.00 

MO 


25 

30.81 

31.8 

1 .00 

1.03 


26 

none 

31.5 



J 

27 

28.4 

31,5 

1.00 

:l.ll 


With the exception of H and I, both of which are from the 
same testis, the observed ratios are very close to the ratio 1.00 : 
1.11 as calculated from the chromosomal liistory on the assump- 
tion that the chromosomes fuse into one mass which is molded 
to form a sperm-head always of constant shape regardless of 
size. H shows a slight indication of biinodality which does not 
correspond with that of the others. I is unimodal with the 
mode agreeing closely with the upper mode of the bimodal sets. 
The only probable explanation of this unimodal condition is 
that one of the two groups of spermatozoa has disappeared. Since 
the single mode is vary close to the upper mode of the bimodal 
cases the lost group would have to be the one with the smaller 
individuals, thus agreeing in certain respects with the permanent 
condition described for Phylloxera l)y T. H. Morgan (^09). 
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The asymmetry in the curves indicates that the two components 
of the population are not equal Since according to the sper- 
matogenesis facts the individuals of the two classes of spermatozoa 
should be produced in equal numbers it is necessary to assume 
that the sample chosen for measurement is not a fair sample 
of the whole population (see possible sources of error, paragraph 
3, p. 200) or that more individuals degenerate in one group 
than in the other. If the physiological characteristics of the 
two groups differ there should be a tendency for the spermatozoa 
at any particular place, such as that from which the sample is 
taken, to be preponderately of one group. In fact this asymmetry 
strengthens the hope that it may be possible to devise some 
means- of isolating the living spermatozoa of the two groups for 
experimental purposes. There seems, however, to be no satis- 
factory explanation of the reciprocal relation between the distri- 
butions in figures 17 and 18. The larger individuals are the 
more numerous in set A taken from a right testis, while in 
B taken from the left testis of the same individual the smaller 
ones are the more numerous. A similar relation holds for figures 
19 and 20. This seems to be a chance relation though it may 
have some interest to those who hold that the light and left testes 
normally differ in 'sex determining factors. 

While the method is not accurate enough to enable one to 
make sure of the details there seems to be no doubt of the main 
fact of existence of two size groups agreeing closely with expecta- 
tion on the basis of chromosomal history. 

5. Trirhahda tomentosa 

(a) Spermatogenesis evidence concerning dimorphism. There 
is no published description of the qhromosomal relations in T. 
tomeiitosa, but Aliss Stevens (’06) has described X and Y 
chromosomes for the related species T. virgata. The dimen- 
sions given below are taken from her plate 8, figure 16, which 
shows the first spermatocyte daughter plates: 
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Chromotomes 

Width 

Length . 


wm 

Length 

a 

1.8 

2,0 

i 

1.4 

1.8, 

b 

l:.3 

1.9 

i 

1.3 

2.0 

c 

1.1 

1.5 

k 

.1.3 

1.6 

d 

1.3 

l.S 

i 

1.6 

1.9 

e 

1.5 

2.0 

ni 

1.3 

1.7 

f 

1.'6 

1.6 

y 

0,6 

0.6 

g 

1.6 

' 1.7 

X 

1.5 ' 

2.0 

h 

1.2 . 

1.8 





These data give the following expected ntlios between the 
head-lODgths of the two kinds of spernuitozoa: (1) In case of 
complete fusion into one mass and moulding into spermatozoa 
always of the same shape, 1.00 : 1.00. (2) In ease of end to 
end fusion of cliromosornes the same ratio, 1.00 : 1.00. 

(5) Material and method. Collected at Douglas Lake, Michi- 
gan, July 30, 1913; motile in Ilinger’s solution; killed in osmic 
fumes; diagram of a sperm-head in figure 10 j, measurements 

to tenths of micrometer divisions, one division being equal 
to 0.948 micron. A considerable number of the spermatozoa 
in the preparation are curved. These were discarded during 
measurement. 

(c) Data. The 481 lengths measured are shown in figure 
28. The distribution is distinctly bimodal,' though with the 
modes close together so as’ to give almost a flat appearance of 
the type shown in figures 4 or 5. The two modes are' at 17.02 ju 
and 17.78m giving a ratio of 1.00 ; 1.045. This is not far from 
the expected ratio of l.OO : 1.06. 

(d) Conclusion. There is strong evidence of the existence of 
two principal size groups of spermatozoa probably based on 
chromosomal differences. 

6. Pkyionomus punciatus 

(a) Spermatogenesis evidence concerning dimorphism . The chro- 
mosomal history of this species is not known, but since many 
beetles have b§en shown to have either X or X and Y chromosomes 
tw'O size groups are to be expected in this case. 

(6) Material and method. Material collected at Urbana, 
Illinois, November 17, 1913; killed in Zenker’s fluid; diagram of 
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a sperm-head in figure 10 f; measurements are to halves of mi- 
crometer divisions, one division being equal to 0,996/4 in the first 
set, and 0.97/4 in the second set. 

(c) Data, Set A, figur^ 29; 506 spermatozoa from the left 
testis. The distribution is bimodal with modes at 33.0/4 and 



Fig, 28 Trirhabda tomeiitosa; frequency distribution, of head-lengths of 481 
spermatozoa from a single testis. 

ValueinM 15.88 16,07 16.26 16,95 16.64 16.83 17.02 17.21 17.40 

Frequency 3 13 14 35 36 47 48 47 43 

17.59 17.78 17.97 18,16 18,35 18.53 18.72 18.91 19.09 

46 47 37 22 11 15 10 3 2 

19 28 
2 

34 . 0/4 giving a ratio of 1.00 : 1 . 03 . Set B, figure 30 ; 507 sper- 
matozoa from the same left testis as figure 29. The distribu- 
tion is bimodal with modes at 33 . 0/4 and 35 . 3 /i gi\dng a ratio of 
1.00 : 1 . 06 . 

(d) Conclusion. The two series of measurements do not agree 
closely, but both show distinctly that the population is not a 
uniform one and that two principal groups are involved. 
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506 spermatozoa from left testis. 

Valuein^ 27.5 28.0 28 5 29,0 29 5 80.0 30,5 31.0 31.5 32.0 

Frequency 2 3 1 5 5 11 10 23 33 , 41 

32,5 33.0 33.5 34,0 34,5 35.0 3.5.5 36.0 36.5 

55 03 42 77 51 42 22 8 1 



Fig, 30 Phytonomus punctatus; frequency distribution of head-lengths of 
507 spermatozoa from the same left lestis as the one in figure 29, 

Value'm/i 20,3 20,8 30.3 30 S 31.3 31.8 32.3 32.8 33.3 33.8 

Frequency 2 6 5 10 13 22 2.5 33 50 36 

34.3 34,8 35.3 35.8 36,3 30.8 37.3 37.8 

05 71 75 42 29 8 2 1 
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7. Melanoplus Jemur-ruhrum 

(а) Spermatogenesis evidence concerning dimorphism. An ac- 
cessory chromosome has been shown for this species from the 
description and figures of E. V. Wilcox (^95, ’96) by C. 5. Mc- 
Cdung and others. Miss Carothers (’13) has recently shown the 
existence of an unequal* pair of chromosomes apart from the 
X chromosome in three Orthopterans. This pair has been 
shown to be independent of the X chromosome and there should 
be four kinds of spermatids as regards amount of chromatin 
received. C.'alling the larger member of the unequal pair 
and the smaller one ^a’, these four kinds may be represented as 
follows: (1) Those with XA n; (2) those with Xan; (3) those 
with — n ; (4) those with — a n. Whether such a relation is 
to be expected in the present species is of course conjectural.- 

(б) Material and method. Obtained at Urbana, . Illinois, 
November 17, 1913; motile; killed in osmic fum|!s; diagram of . 
sperm-head in figure 10 b; measurements to halves of micrometer 
divisions, one division being equal to 1.66^. 

(c) Data. Figure 31; 491 spermatozoa from a single testis. 
The distribution shows that the population is made up of several 
groups. There are two principal modes, S0.5/.1 and 83.0/i giving 
a ratio of 1.00 : 1.03. At the sides of the principal modes are 
minor modes, two of which, one on each' side, seem to indicate 
important factors. Alay these have some relation to probable 
inequality in a non-sex determining pair of. chromosomes? 

(d) Conclusion. Therg seems to be no question as to the main 
fact that the population is not a uniform one, and that the distri- 
bution indicates two main size groups. 

8. Melanoplus differenlialis 

(a) Spermatogenesis evidence for thi^ species is not available, 
but other species of the same genus have an X clu-omosome, and 
in a nearly related form inequality in another pair of chromo- 
somes has been described. 

{h) Material and method. Obtained at Urbana, Illinois, 
October 6, 1913; motile; killed in osmic fumes; diagram of sperm- 
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head in' figure 10 a; measurements to halves of a micrometer 
division, one division being equal to in sets A and B, and 
1.6/i in set C. 

(c) Data, Three sets of measurements were made: Set A, 
figure 32; 481 spermatozoa from a left testis. The priiidpal 
modes -are at SS.O^u and 90.5^*, giving a ratio of LOO : 1.03. Set 



Fig. 31 Melanoplus *femur-rubrum; fi'cquency distribution of head-lengths 
of 491 spermatozoa from a single testis, 

Valucin/i 71.4 72.2 73.0 73.9 74.7 Ih.h 70 4 77.2 78,0 78.8 

Frequency 1 2 4 1 11 7 I'O 23 28 26 

79,7 80.5 81.3 82,2 83.0 83.8 84. ,7 85.5 80,3 87.2 

37 48 38 32 48 33 30 17 13 17 

88,0 88.8 89,6 90.3 91.4 92.2 93.0 93.8 94.6 95,5 

16 7 , 7 2 2 3 6 3 4 2 

96,3 97.1 97. 

1 2 

B, figure 33; 1008 spermatozoa from the same left testis as figure 
32. The principal modes are at 88.8ju and QO.oju, giving a ratio 
of LOO : 1.02. Set C, figure 34; 734 spermatozoa from the same 
left testis as figures 32 and 33. The principal modes are at 8S.5ju 
and 90.9/4, giving a ratio of LOO ; 1.03. , 

(d) Conclv^on. There is considerable irregularity in the 
curves but a distinct tendency to bimodal arrangement. There 
is some question as to ■ interpretation. It is evident that the 




32 Melanoplus differeniialis; frequency distribution of head-lengths of 
481 spermatozoa from left testis. 

Value lOM 75.5 76.4 77.2 78.0 78.9 79.7 80.5 81.3 82.2 83.0 

Frequency 3 1 3 6 7 3 7 5 12 18 

83.8 84.7 85.5 86.3 87.2 88.0 88.8 89.6 90.5 91.3 

22 23 21 34 42 55 41 22 38 32 

92,1 93.0 93.8 94.6 95.5 96.3 97.1 97.9 98.8 99.6 

26 20 13 6 8 7 2 « 2 0 1 

100.4 



Fig. 33 :\IcUmoplus differentialis; frequency distribution of head-lengths of 
1008 spcrinatojsoa from same left testis as the ones in figures 32 and 34. 

Valucin/i 73.9 74.7 73.5 76.4 77.2 78,0 78.9 79.7 80.5 81.3 

Frequency 1 3 1 3 2 611 17 7 1F 

82.2 83,0 83.8 84,7 85,5 86,3 87,2 88.0 88,8 89.6 

10 41 4G 48 50 70 77 77 88 67 

90,5 91,3 92.1 93.0 93,8. 94.6 95,5 96 3 97.1 97.9 
93 92 58 41 29 20 ■ 15 10 2 0 

98,8 99,6 
S 3 
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distribution is not that of a simple variation curve and un- 
doubtedly several factors are involved in size determination. 
The three curves however show distinctly a tendency to a major 
bimodal subdivision. The minor modes may be due to inequali- 
ties in^ pairs of chromosomes that have no relation to the X chro- 
mosome or of course they may be due to any one or more of the 
sources of error mentioned on pages 196 to 201. 



Fig. 34 Melanoplua differentialis; frequency distributinn of head-lengths 
of 734 spermatozoa from same left testis as the ones in figures 32 and 33. 

Valuein/i 7, VO 7.V8 7(5.6 77.3 78,1 78.6 76.7 80.5 81.3 8?.l 

Frequency 1 2 3 2 2 2 6 7 12 21 

82.9 83.7 84.5 85.3 8G.1 86.9 87 7 88.5 89.3 90 1 

21 24 25 34 29 44 53 62 57 5!) 

90.9 91.7 92.5 93,3 94.1 94.9 95.7 96 5 97.3 98.1 

73 51 38 26 41 17 19 7 7 2 

98.9 
1 

9. Gryllus ahbreviatus 

(a) Spermatogenesis evidence cmKerning dimorphism. The 
chromosomal relations for this species are not known. Another 
species of the same genus, G. domesticus, has an X chromosome, 
according to W. J. Baumgartner (T5). 

(5) Material and method. Obtained at Douglas Lake, Michi- 
gan, August 23, 1913; motile in Ringer’s solution; killed in 
osmic fumes; diagram of sperm-head in figure 10 c; measure- 
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ments were to halves of ocular divisions, one division being equal 
to 0.7 jjL. 

(c) Data. Figure 35; 552 spermatozoa from the right testis, 

(d) Conclusion. The curve is unimodal. It is not possible 
to tell by inspection whether it is a simple normal variation 
curve (fig. 1) or a combination of two such curves with modes 
close together (fig! 6). 



Fig. 35 Gryllus abbreviatus; frequency distribution of head'lengths of 552 
spermatozoa from the right testia. 

Value in ^ 59.0 59.7 60,4 61.2 61.8 62.5 63,2 63,9 64.5 65.3 

Frequency 2 1 5 5 7 19 20 22 39 49 

66.0 66.7 67.4 08.1 58,9 69.6 70.3 71.0 71.7 72.4 

51 57 57 58 49 45 30 13 10 4 

73.1 73,8 74,5 

4 2 3 

10. Aeshna canadensis 

(a) Spermatogenesis evidence concerning dimorphism . . The 
chromosomal relations are not known for this species, but in 
another dragon fly, Anax junius, Lefevre and McGill (’08) 
have described an X chromosome. The following measure- 
ments arc taken from their figure 4 e. 
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Chrmosomtt 

wm 

Levgth 

Chromosomes 


Length 

a 

■ 18 

23 

]l 

27 

33 

b 

■20 

30 

i 

21 

28 

c 

21 

27 

j 

20 

27 

d 

14 

16 • 

k 

19 

2S 

e 

.20 ‘ 

27 

1 

20 

20 

f 

18 

25 

in 

24 

34 

g 

16“ 

21 

X 

23 

31 


These give expected ratios of 1.00 : 1.07 on the basis of com- 
plete fusion of chromosomes and production of spermatozoa of 
like shape arid 1.00 : 1.09 for end to end fusion of chromosomes. 

(&) Material and method. Obtained at Douglas Lake, Michi- 
gan, August 23, 1913; killed in osmic fumes; diagram of sperm- 
head in figure 10 d; measurements are to quarters of an ocular 
division, one division being equal to 1 .4/i. 

(c) Data. Figure 36; 496 spermatozoa from the right testis. 
The distribution is bimodal but unequal. The two modes are 
at 50.2m and 51. 6 m, giving a ratio of 1.00 : 1.03. This is con- 
siderably less than the ratio 1.00 : 1.07 or 1.00 : 1.09. that would 
be expected for Anax junius. 

(d) Conclmion. The presence of two size groups is indicated 
by the measurements. 


11. Rana pipiens 

.(a) Spermatogenesis evidence concerning dimorphism. While 
a number of investigators have studied the spermatogenesis of 
the frog no chromosomal differences have so far been made out 
between two groups of spermatids. 

(b) Material and method. Alaterial’ obtained August 24, 1913, 
at Douglas Lake, Alichigan; motile; killed in osmic fumes; dia- 
gram of sperm-head in figure 10 I; measurements are to tenths 
of a micrometer division, one division being ecjual to 0.90m- 

(c) Data. Figure 37 gives the frequency distribution of 494 
spermatozoa from a left testis. Each group covers three-tenths 
of a micrometer division. The distribution is bimodal with the 
smaller individuals less abundant than the larger. The modes 
are at 9.74m and 10.60m, giving a ratio of 1.00 : 1.09. 



30 Ac.shna canadonsis; frequency distribution of head-lengths of 49G 
spermatozoa from the right testis. 

ViihicLn^i 42.2 42.5 42.9 43.2 43.6 43.9 44.3 44.6 45.0 45.3 

Fre<|uency 1000 1. 0 1012 

4.5.7 46.0 46.4 46.7 47.1 47.4 47.8 48.1 48.5 48.8 

4 3 3 2 3 0 1.5 14 19 28 

49 2 49.5 49.9 50.2 50.6 50.9 51.3 51.6 52,0 52.3 

44 48 50 53 44 23 30 33 20 17 

52:7 53.0 53.4 53.7 54.1 54.4 

15 7 4 2 3 1 



S.31 8.60 8.88 9. 17 9.46 9.74 10,03 10,31 10.60 10.S8 11.17 11.46 11.74 12.03 12.32 12.60 

Fig.' 37 Rana pipiens; frequency distribution of head-lengths of 494 sper- 
matozoa from a single testis. 

ValueinAi 7,74 8.03 8.31 S.60 8.88 9.17 9.46 9.74 10.03 10.31 

Frequency 3 2 4 9 16 25 35 48 44 49 

10.60 10.88 11.17 11.40 11.74 12,03 13,32 12.60 12,89 
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(d) Condvsionf The existence of the bimodal condition in 
this species can hot be ascribed to any known chromosomal 
differences. 

1^, Pseudemys troosii 

(a) Spermatogenesis evidence concerning dimorphism. There 
is no description for this sipccies but according to IT. E. Jordan 
(’14) several species of turtles have an accessory chromosome. 

(5) Material and method. Material obtained at Urbana, 
Illinois^ November 8, 1913; motile in Ringer’s solution - killed in 
Bouin^s fluid; diagram of sperm-liead in figure 10 k; measure- 
ments to quarters of a micrometer division in set A and to tenths 
in set B. In set A one micrometer division equals 0.95/u and in 
set B 0.955/i. The spermatozoa are slightly curved in life, but 
when smeared on a slide many become perfectly straight. The 
preparations that were most satisfactory as regards straightness 
of the spermatozoa were those taken several hours ai^er the testis 
was removed from the animal and when most of the spermatozoa 
had stopped moving. 

(c) Data. Set A, figure 38, gives the data for 501 spermatozoa 
from a single testis. These give a symmetrical bimodal distri- 
bution with smooth slopes. There are, however, a few sper- 
matozoa which are much larger than the average. The two modes 
are at 10.43/f and 10.91/i, giving a rato of 1.00 ; 1.05. Set 
figure 39, gives the data for 487 spermatozoa from the same 
testis as figure 38. There is a marked division into two principal 
groups, but each of these has a secondary sub-division. The 
principal modes are at 10.50;a and 11.30/z, giving a ratio of 
1.00 : 1.08. 

(d) Conclusion. There can be no doubt of the presence of 
two principal size groups. Jordan described an accessory chromo- 
some for some of the turtles but as no figures are published it is 
not possible to tell whether or not the modes agree with the 
comparative sizes to be expected on the basis of chromosomal 
differences. 



Fip. :is Psciidernys troosti; frequency distribution of head-lengths of 501 
sperinntozoa from a single testis. 

V:i!neiiifi 9.72 4,06 10 20 10,43 10,67 10.91 11.15 11.38 11.62 

, FrcqiiLMicy 4 11 33 129 92 129 48 30 fl . 

118.5 12 09 12.32 12.56 12.80 13.04 13.27 

6 1 5 2 2 3 0 





i ig. 39 Psoudeinys troosti; frc(}ueiicy distribution of head-lengths of 487 
s^x’rir.a’tozoa from the suirie testis as the one in figure 38. 

ValwiiiM 9.84 9.93 10.03 ^10.12 10'.22 10.31 10.41 10.50, 10.60 

Fn.‘fuu‘ricy 1 0 1 2 2 7 15 59 47 

10,69 10.79 10.88 10.98 11.08 11.17 11.27 11.36 11.46 

37 39 44 19 23 41 * 35 46 28 

11,55 11.(15 11.74 11.84 11.93 12.03 12,13 12,22 12,32 
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13. Ovis arm 

(a) Spermatogenesis evidence concerning dmorphwn. Ac- 

cording to H. E. Jordan (’13) an X chromosome is present. 

(h) Material and method. Material obtained at Chicago, 
Illinois/ July^ 1913; motile; killed in Gilson’s niercuro-nitric 
fluid; diagram of sperm-head. In figure 10 o; measurements are' 
to tenths of ocular division, one division being e(iual to OMfi. 

(c) Data. Figure 40 gives the distribution for 408 spermatozoa 
plotted by classes of two-tenths of an ocular division. Fhe 
distribution is bimodal with modes at oMfx and 6.37^, giving 
a ratio of 1.00 ; 1.07. 

(d) CoTiclnsion. Two size groups arc indicated by the measure- 
ments. 

14 ‘ Bos iaurus ■ 

(a) Spermatogenesis evidence concerning dimorphism. There 
is an accessory chromosome, according to H. E. Jordan (’13). 

(b) Material and method. Obtained at Chicago, Illinois,* 
July, 1913; motile; killed in Gilson’s fluid; diagram of sperm- 
head in figure 10 n; measurements were made to tenths of an 
ocular division, one division being equal to O.OOg in set A and 
0.97ju in ^et B. 

(c) Data. Set A; figure 41 gives the distribution for 600 
sperm-head lengths. The curve is bimodal with modes at 8.05/i 
and 8.33 jL£, giving a ratio of 1.00 : 1.035. Set B, figure 42, gives 
the frequency distribution of areas of the fiat surface of the 
sperm-heads. 502 individuals were measured for length and 
width. The areal ratios were obtained by multiplying for each 
individual case the length by the width. Plotting these ])seudo- 
areas Jhe distributions shown in the figure are obtained. The 
result indicalfes that the population consists of more than one 
group. Four modal points are present, but the explanation of 
this condition is not at hand. 
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too 

90 



4}*-^ -n'lCu- iOUJ W(D® r* 


Fig. 40 Ovis aries; frequency diistribution of head-lengths of 498 spermatoaoa 
from a single testis. 

Valuein^i 4.64 4,83 5.02 5 21 5.40 5.60 5.79 5.98 6.17 6.36 

FreqiionL'v 1 5 12 14 15 34 82 83 71 79 

6.56 6.76 6.95 7'l4 

57 28 . 13 4 



Fig. 41 Bos taunis ; frequency distribution of head-lengths of 606 spermatozoa 
from a single testis. 

Value in Cl 7.00 7.10 7.19 7.28 7. 33 7.47 7.57 7.66 7.76 7.86 

Frequency ’l 0 1 0 2 2 14 33 39 51 

7.95 8.05 8.14 8.24 8.33 8.43 8.53 8.62 8,71 8.81 

58 78 64 62 69 62 35 27 4 1 

8.90 9.00 
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15. Cams familiar is 

(a) Spermatogenesis evidence concerning dimorphism. Accord- 
ing to H. E. Jordan (’13) an accessory chromosome is present. 

(b) Material and ?nethod. Material obtained in Chicago, 
Illinois, July, 1913; motile; killed in Gilson’s fluid; diagram of 
sperm-head shown in figure 10 p; measurement to tenfhs of an 
ocular division, one division being equal to .97/1. . 

(c and d) Data and conclusion. Figure 43 gives the frequency 
distribution for 540 spermatozoa. The curve shows two modes 
and indicates the presence of two size groups, one larger than the 
other. The modes are at o.lTju and 5.55/a yielding a -ratio of 
1.00 : 1.07. 


DISCUSSIOX 

The hypothesis that two kinds of spermatozoa are produced, 
one determining maleiiess and the other femaleness, needs ex- 
perimental confirmation. Such a confirmation is not to be ex- 
pected as long as the recognition of the two kinds is confined to 
chromosomal differences during the spermatocyte divisions. It 
is necessary to devise some means of distinguishing the sperma- 
tozoa of the two groups from each other after they have become 
functional. Since in most of the cases spermatogenesis studies 
have shown that the two groups differ in amount of chromatin 
material received, and since the sperm-head is made up almost 
wholly of chromatin a size difference between the mature func- 
tional spermatozoa is to be expected. If such a difference is 
proven to exist it should be possible to separate the larger sper- 
matozoa from the smaller ones while they are still living, arid 
determine whether or not there is a difference between them as 
regards sex production. 

The present paper gives data which show that there is a wide 
range in length of the sperm-head in completed spermatozoa 
and that the distribution among the different sizes is such as 
to demonstrate the presence of two size groups. 

From the published drawings of the chromosomal histories 
in several of the species a rough calculation was made of the 
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TABLE 1 


Showing expected and observed ratios helwecn lengths of sperm-heads. The expected 
ratios are those calculated oh the basis of the tpost' probable condition , the pro- 
duction of spermatozoa which have the same shape regardless of size 
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1.00 

1.080 

1.00 
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Musca domestica 

12 

465 

35.80 

38.60 

1.00 

1,080 

1.00 
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Musca domestica 

13 

769 

36.40 

38.00 

1.00 

1.040 

1.00 
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Lygaeua turcicus 







1.00 

1.020 

Lygaeus kalmii.*.,. 

U 

493 ‘ 

36.80 

38.30 

i.oo 

1.040 



Lygaeus kalmii 

15 

501 

36.80 

37.80 

1.00 

1.030 



Alydus pilosulus 

16 

439 

31.90 
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1.00 

1.060 

1.00 

1.060 

Alydus pilosulus 

17 

469 

32.25 
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1.00 
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18 
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1.00 

1,110 
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19 
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1.00, 
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20 
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21 
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1.060 

Trirhabda tomentosa 

28 

481 

I 17.02 

i 17.78 

1.00 

1.046 



Phytonorniis punctatus 

29 

506 i 

I 33.00 

; 34.00 

1.00 

1:030 



Phytononius punctatus 

30 

507 . 

1 33.30 

; 35.30 

: 1.00 

1.060 



Meianoplus femur-rubrum... . 

31 

491 ; 

80.50 

83.00 

! 1.00 

1.030 



Melanoplus differentialis 

32 

1 481 

' 88.00 

’! 90.50 

! i.dti 

i.aso 



MelanoplUs differentialis 

33 

! 1008 ' 

iss.so 

90.50 

i 1.00 

1.020’ 



Melanoplus differentialis 

34 

] 734 

j 88.50 

' 90.90 

1.00 

1 .030 



Gryllus abbreviatus. 

35 

552 







Anax juniuB 





1 


1.00 

: 1.070 

• Aeshna canadensis 
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38 
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39 
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i 40 
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expected ratio between the lengths of the sperm-heads m the 
two groups on the supposition that amount of chromatin material 
received is an important factor in the determination of the size 
of the resultant sperm-heads. Likewise from the measurement 
of the actual lengths of the sperm-heads the ratio between the 
values of the inodes of the two size groups was obtained. The 
ratios obtained in these two ways agree to such an extent as to 
make it almost beyond question that there is a causal connection 
between the two size groups and the two groups based on chro- 
mosomal differences. It thus becomes possible to apply experi- 
mental test to the hypothesis that these chromosomal differences 
are of sex-determining value.' The larger spermatozoa ought 
to yield a preponderance of females, and the smaller ones a pre- 
ponderance of males in case the hypothesis is correct. 

Certain of the facts concerning the two size groups are of 
importance in any experimental application of the results. The 
two groups are not wholly distinct. Spermatozoa of medium 
size may belong to either of the two size groups, making up the 
general population. As one goes to the smaller and smaller 
spermatozoa in the one direction, and to the larger and larger 
ones in the other, the certainty increases that apparent position 
of any individual spermatozoon is a good criterion of the actual 
group to which it belongs. For the largest as for the smallest 
spermatozoa the certainty ought to be almost complete. Any 
separation method carried on with living material should there- 
fore, as far as possible, concern itself primarily with spermatozoa 
near the extremes. Phrtunately the extreme individuals should 
be the most easily separable. 

While the validity of the general conclusion seems clear the 
data are not sufficiently accurate to make possible a definite 
explanation of the peculiarities of size distribution in individual 
sets of measurements. After the full discussion of the possible 
sources of error, on pages 196 to 201, it would be out of place 
to consider them further here. No doubt it is unwise to attempt 
a discussion of such observed facts as the inequality of the two 
groups in many of the cases, and the reciprocal relation between 
right and left testes of two individuals of Anasa tristis. Like- 
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wise there ‘s no valid ground at present for a consideration of 
the numerous other factors besides chromatin content that must 
effect size of spermatozoa. What these factors are is conjectural, 
but they certainly act within both of the main size groups, and 
by no means invalidate the conclusion of the existence of the 
factor- that determines the main difference between tlie two 
groups. Also it is unnecessary to comment here on the numerous 
observations that have been made on kinds of dimorphism in 
spermatozoa of a character quite different froin the present. 
These bear only indirectly upon the problem in hand. In most 
of the species described in this paper, as the data show, a very 
small proportion of the whole number may be classed as giant 
spermatozoa, except for the fact that there are usually all grada- 
tions in size between them and the smaller individuals. 


SDMIMARY 

1. Spermatogenesis studies have shown for a great many 
species of animals that two kinds of spermatids are produced 
differing from each other in chromatin content, and that this 
difference is probably of sex-determining value. In order that 
experimental test of this hypothesis may be made it is necessary 
to distinguish the two kinds when they have become functional 
spermatozoa. 

2. Since, as spermatids, the groups receive different amounts 
of chromatin, and since the sperm-heads are almost wholly made 
up of chromatin it follows that the spermatozoa ought to belong 
to two principal size groups. 

3. The present paper is a study of size differences in length 
of the ^ head in completed spermatozoa from single testes in 
fifteen species of animals, with the object of determining the 
existence or non-existence of two size groups correlated with the 
chromosomal difference. 

4. A considerable variation in length of the spermatozoa 
from a single testis was discovered in each case, and the exist- 
ence* of two size groups could be determined only by measuring 
large numbers of spermatozoa and plotting the size distribution. 
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Thirty-three such separate determinations were made with an 
average of about 523 measurements for each determination, and 
a total of 17,252 for the whole. 

5. In nearly all cases there were two high po^v» modes 
in the distribution curve indicating that the population of sper- 
matozoa is made up of two separate groups. 

6. A comparison of the degree of separation of these modes 
with the expected degree as derived from a calculation based on 
the chromosomal histories shows in general a striking correspond- 
ence. 

7. The general conclusion is drawn that two size groups may 
be distinguished in many of the species which show chromosomal 
differences in spermatogenesis, and that the size difference is 
based on the difference in chromosomal content. 

8. If the hypothesis that the ■ chromosomal differences are 
of sex-determining value is true it follows that the larger sper- 
matozoa differ from the smaller ones in sex determination. 

9. While the method seems competent to yield a conclusive 
general result no attempt is made to minimize the many, pos- 
sible sources of error liable to come into individual determina- 
tions. The results for the individual species follow. In each 
case where known, thbre is given the expected ratio between the 
lengths of the two groups of spermatozoa on the basis of chro- 
mosomal material received, assuming that the completed sperm- 
heads are of the same shape regardless of size. Then follow the 
observed ratios between the two modes of the distribution curve. 
Two size groups are of coufse present unless otherwise stated. 

10. Musca domestica: The expected ratio is 1.00 : 1.08, and 
the observed ratios are 1.00 : 1.08, 1.00 : 1.08 and 1.00 : 1.04. 

11. Lygaeus kalmii: No clu'omosomal data for this species are 
available. The expected ratio for Lygaeus turcicus is 1.00 : 1.02 
and the observed ratios for L, kalmii are 1.00 : 1.03 and 1.10 : 1.04. 

12. Alydus pilosulus: The expected ratio is 1.00 : 1.06 and the 
observed ratios are 1.00 : 1.06 and 1.00 ; 1.05. 

13. Anasa tristis: Two size groups are indicated in nine of the 
ten determinations. The expected ratio is 1.00 : 1.11 and the 
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observed ratios are 1.00 : 1,07, 1.00 : 1.10, LOO : 1,10, LOO : 1,12; . 
LOO : 1,10, LOO : 1.08, LOO : 1.10, LOO : 1.03 and LOO : LIL 

14. Trirhabda tomentosa: No chromosomal data are avail- 
able for this species. The expected ratio or Trirhabda virgata 
is LOO : 1.06 and the observed ratio for T. tomentosa 1,00 : 1.045. 

15. Phytonomus punctatus: The observed ratios are LOO : 1.03 
and LOO : 1.06. 

"16. Melanoplus femur-rubrum. There are subsidiary modes 
besides the two principal ones. The observed ratio between the 
principal modes is LOO : 1.03. 

17. Melanoplus differentialis.’ There are subsidiary inodes 
besides the two principal ones. The observed ratios between 
the principal modes are 1.00 ; 1.03, LOO : 1.02 and 1.00 ; L03. 

18. Gryllus abbreviatus. The curve of distribution is uni- 
modal, and indicates the presence either of one size group or of 
two groups so close together as to simulate a single group when 
combined. The chromosomal history shows two groups of 
spermatids, but the figures do not allow of calculations. 

19. Aeshna canadensis. Np chromosomal data for this species 
are available. The expected ratio for another dragon-fly, Anax 
junius, is 1.00 : 1.07. The observed ratio for Aeshna canadensis 
is LOO: 1.03. 

20. Rana pipiens. No chromosomal differences have been 
made out^ but the spermatozoa show two size groups with a 
ratio of 1.00 : 1.09. 

21. Pseudemys troosti. The observed ratios are 1.00 : 1.05 
and 1.00: 1.08. 

22. Ovis aries. The observed ratio is LOO : 1.07. 

23. Bos taurus. The observed ratio is 1.00 : 1.035. 

24. Canis familiaris. The observed ratio is LOO :1.07. ■ 
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IXTRODUCTION 

A new mutation in Drosophila ampelophila, .which took the 
form of reduplication in the legs, appeared in a selection experi- 
ment. It was inherited, although at first it did not seem to 
give the ordinary Mendelian ratios. Many unsuccessful efforts 
to obtain pure stock were made, and, even after selection for 
many generations, a single pair of abnormal flies would produce 
both nonnal and abnormal offspring. It finally became clear 
that a low temperature 'was necessary for the realization of the 
abnormal type. The stock which had undergone mutation was 
the only one to develop the reduplications when subjected to a 
low temperature. A definite sex-linked factor was found to be 
responsible for the inheritance of this peculiarity. 

I wish to thank Dr. T. H. Morgan, under whose direction the 
work was carried on, for his many helpful suggestions and valu- 
able criticisms. 


EFFECT OF SELECTION 

DeVries and Johannsen hold that, in the absence of mutation, 
selection can do nothing but sort out from a population char- 
acteristics already existing. According to this conception, any 
population may be made up of a series of forms, and tins series 
may be broken up into smaller groups by selection, but the limit 
of variability can not be transcended. The most extreme 
individuals in a race produced by such a sorting-out process 
are no more extreme than the most extreme in the heterogeneous 
population. Recently Castle and others have endeavored to 
show that selection may affect the degree of development of the 
character selected. 
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My work began with a study of the effect of selection on the 
nui|jiber of ^teeth’ in the sex-comb of Drosophila. The sex-comb 
is confined to the male, and is situated on the* first tarsal segment 
of the first pair of legs. The ‘teeth’ composing the sex-comb are 
modified bristles. As the female has no sex-comb, the selection 
^as necessarily confined to the males, and it was further restricted 
to the comb on the right leg. The legs of fifty wild males were 
examined, and the d;eeth in the combs counted. The average 
number was found to be 10. At the close of the selection an- 
other count of wild, flies was made and the number was found to 
be nearly the same, viz., 9.9. 

TABLE 1 

Showiiig average tumtber of teeth, in obtained by selection for high number 

of teeth for seven generations 

P Fi l\ l\ 

U.db 10.91 ' 11.16 11.35 n 7S 

r» 

11.86 

11.88 

11.67 av. 11.66 
. 11. o8 

11.33 


5 bottles 


Twenty-fpur individuals from the wild stock were mated in 
pairs to wild females. Most of the males selected had eleven 
teeth. As one of the twenty-four lines yielded better results 
than any of the others, selection was continued in this line only. 
The average number of teeth in Fi was 10.91. Those with 
the highest number of teeth in the comb were selected for breed- 
ing. They were mated to sister females. > The average number 
of teeth of their sons was 11.16. Those lines which had failed 
in F 2 to be high .producers were thrown away. Selection was 


Fg 

11.41 

11.50 

12.15 uv. 11.85 
12.70 

11.50 

5 bottles 


F: 

11 .. 56 
11.30 

11. . 50 
11.42 

11.38 av. 11,37 

11.42 

11.22 

11. . 34 
11.1.8 

9 fK>ttIc.s 
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continued for seven generations, sisters of the males being used 
in each mating. After the Fi, the average number of t^th 
showed a steady increase, the highest number—1 1.85— being 
reached in the sixth generation. Some bottles in this generation 
produced an average of over 12 teeth. ' The mean number in 
the seventh generation fell somewhat lower — 11.37. However 
the average number of teeth in this generation, the last one bred, 



SueceHsive generations 
Diagram 1 


was nearly 0.4 higher than that of the ancestor (11) and was 
1,37 higher than that of the average wild fly. The results of 
the selection arc plotted in diagram 1. 

Artificial selection has thus brought about a line of flies having 
a larger sex-comb than that of the average wild fly. The result 
is in harmony with the view that selection is only a sorting out 
process, for although the average had been raised, yet the largest 
number of teeth in the selected line was no higher than the largest 
number in the wild stock. 
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4 MUTATION CAUSING REDUPLICATION IN THE LEGS 
1. The origin of the mutation 

When the selection had proceeded to the fifth . generation, 
several abnormal males appeared in the stock. The abnonnali- 
ties were all connected with reduplication of leg or tarsal segments. 
In one of the mutants, the left leg was divided, nearly to its 
base, into two parfe, each with a perfect sex-comb. On the 
right tarsus of the same fly were two combs, one placed above 
the other. The other mutants showed various kinds of reduplica- 
tion in the appendages. They were bred to sisters; of the Fi, 
13.9 per cent were abnormal. The Fi nonnals were inbred and 
abnormalities in the legs appeared again in F^. The F 2 nonnals 
were inbred; and later the F 3 normals and F 3 abnonnals. The 
result was as follows: 


From P 13,9 per cent abnonnals in F| 

Fi normal 0.3 per cent nbnormals in Fi 

Fi normal 1.7 per cent {ibiioriniils In F 3 

Fs normal 1.7 per cent abnonnals in F^ 

Fa abnormal 2.02 per c('nt abnonnals in F, 


The F 3 normals produced nearly as many abnonnals as did the 
Fa abnormals. Among the abnormal flies there w'as a wide 
range of variation, but usually only one or two extra parts were 
found in a single fly. The abnormalities occurred most frequently 
in either the left or the right anterior leg, but the other legs also ^ 
were sometimes affected. At times the tarsus alone was affected, 
and at other tirnes the leg as well. Often only one leg was affected 
but sometimes both anterior legs and sometimes nearly all the 
legs showed reduplications. The first mutants were males, and 
only after much inbreeding were abnonnal females obtained. 

In order to test whether there might be in the cultures some 
special condition that caused the abnormalities, a stock bottle 
was allowed to become dry, and wild flies were then transferred 
to it with fresh food. When their progeny hatched, no abnormal 
flies were found among them. 
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2. Specific types of abnormalities not inherited 

Since the number of abnormal flies obtained by inbreeding 
was small, and since there was such a variety in the form assumed, 
it seemed at first possible that many factors might be involved. 
A-ttempts were therefore made to obtain different lines, each 
with a specific kind of reduplication. Thus, two flies having a 
bifid first right leg were mated together, o| similarly, two flies 
having a left duplex tarsus. In the following cases of this kind, 
only the abnormal offspring will be considered: 

(1) Two flies, both with right first leg affected, pioduced 
among the Fj 4 abnormals, all with left fii^t leg affected. 

(2) Six flies with either right first, left first, or both right first 
and left first affected were mated. They produced 11 abnormals, 
as follows: 

4 flics with reduplication in right first 

4 flies with reduplicHtion in left first 

1 fly with .reduplication in right and left first 

1 fly with reduplication in left second 

1 fly with reduplication in right first and right second 

(3) Three Fi flies (29, \&) all with right first affected pro- 
duced : 


3 flies with reduplication in right first 
3 flics with reduplication in left first 
1 fly with reduplication in right third 
1 fly wuth reduplication in right second, left first , 

(4) Parents — males and females with right first or left first, 
or both, affected produced 7 abnormals as follows; 


2 flies with reduplication in left first 
2 flics with reduplication in right first 
1 fly with reduplication in right second 
1 fly with reduplication in right first and right third ' 

1 fly with reduplication in right first and left first 

(5) Parents abnormal — with reduplication in right first or 
left first produced 42 abnormals as follows : 
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5 flies with reduplication in right first 

7 flies with reduplication in left first 

'4 flies with reduplication in left third 

2 flies with reduplication in right third 

2 flies with reduplication in left second 

1 fly with reduplication in left third, right second 

1 fly with reduplication in right first, right third 

(6) Parents — males and females with right first affected pro- 
duced 9 abnormalsfviz: 

4 flies with reduplication in left first 

2 flies with reduplication in left third 

1 fly with reduplication in left first, right first 
1 fly with reduplication in right first 
1 fly with reduplication in left second 

The results thus indicate that the particular abnonnalities 
which appear in the offspring of abnormal flies have no relation 
to the particular abnormalities of the parents. 

S. The apparently changing dominance of the new character 

When bred to wild females, the abnonnal males produced all 
normals in Fi. In F 2 there were 1110 normals and 17 abnormals. 
The abnormality acted apparently as a recessive character. 
Its appearance in the Fi when the original male mutants were 
bred to sisters was thought to be due to the heterozygous con- 
dition of the females. 

To obtain pure stock I selected the abnormal flies throughout 
the summer of, 1912. In each generation, the abnonnals were 
separated and mated to other abnormals. The work was done 
both in pairs and in mass cultures. The per cent of abnormal 
individuals varied greatly from one generation to another, but 
never approximated to 100 per cent. 

In the fall of 1912, after many apparently unsuccessful attempts 
to get pure stock, I began experimental work. Crosses with the 
wild gave the r,esults in table 2. Abnormal males were mated 
with. wild females and abnomial females with wild males. Since 
a few abnonnal males and females appeared in the Fi of both 
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crosses, it seemed that the factor causing reduplication was not 
sex-hnked, and not always recessive to the wild, . but on the 
other hand, .if the character was a non-sex-linked dominant, it 
was difficult to see why such a small number of abnormals 
appeared. 

Back-crosses were then made by mating the Fj flies recorded 
in table 2 both with abnormal and with wild flies. These crosses 

TABLE 2 
Cross I 

F Abnormal cf by normal (wild) 9 

Total 

f Norin.alo^ 27 So S4 122 114 432 

1 Xomml9 15 99 100 lol 140 505 

^ I Ahiiormul o' 3 6 9 

[ Ahuorinal 9 1 1 

r Xormnl 229 126 16 101 472 

Fi Xonnul 9 265 136 38 173 ^612 

I Ahnoriiuil ■ - - 13 7 3 18 41 

Cross II 

P Abnormal 9 by normal (wild) cf 

Total 

I Normal c7 33 34 93 160 

i Xoriniil 9 45 84 151 280 

* I Abtrormal c7 19 33 52 

[ Abnormal 9 1 12 13 

( X’oniiul 6’' 72 

Xormal 9 114 

] Abnormal 26 

[ Ahnornial 9 2 

Cross III 

P Ahnormoi red by normal white 9 

Total 

I Xormal white cf 19 96 89 195 

‘ \ X'onnul red 9 15 107 73 195 

f Xormal red o'’ 27 57 40 124 

I Xormal white 23 69 46 138 

P j Xormal red 9 35 95 80 210 

* ; Xorm.il white 9 35 85 78 198 

I Abnormal red d^ 1 17 3 21 

[ Abnormal white o’ 1 15 4 10 
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again made it clear that abnormality behaves differently at 
different times. The following cases illustrate this. From two 
of the back-crosses (table 3, Series b) in which nonnal Fi flies 
were mated to wild flies, r 2 abnormals resulted. The Fi flies 
had only one dose of the factor and were nonnal, yet some of 
their offspring had one dose and were abnonnal. A nonnal 


TABLE 3 


Series a P Ahnormal d hu n'ild 9 {Crosses I ami III 0 / lahlc i) 


Fi Xonual 0 ^ 
wild 9 (5 bot- 
tles) 

\ Normal cT 2i?2 

I N'ormal 9 260 

* I Abnormal &. 

[ Abnormal 9 


Fi Xonual 
by abnormal 
9 (5 bottles) 
49 * 

22s 

67 


Fi Nonnal 9 
by abnormal 
(d hottlos) 
157 
171 
30 
13 


Series b P Abywrmal 9 hy u'ihl II of lablc 3) 

Fj Xoi'iiial 0 '' I'l Normal 9 Fi Normal 9 
by wild 9 (3 by wild 0 ^ (2 by abnormal 
bottlos) Ijottlo.s) 0 '' (1 bottio) 


[ Normal cT 229 22 21 

- I Normal 9 230 121 34 

■ j Abnormal cT ISf 28 2ft 

( Abnormal 9 3 53 


* One of these 40 normal males was bred to a wild female and prodireed ab- 
normal flies in the next generation, 'bhis normal male was thus potentially 
abnormal. 

t These 18 males were all from one of the three botthvs. 

F 2 male from Series a w-as tested for abnonnality by breeding 
to a wild female, and abnormal flies were produced in the next 
generation. The Fa male though normal, must have carried the 
factor for abnormality. An Fi nonnal female , b) was 

back-crossed to an abnormal male. Over half the flies of Fa wxrc 
abnormal, though only half could have been homozygous. The 
Fi female must have been heterozygous and yet she was normal. 
It is e\ident, then, that a fly may be heterozygous and either 
normal or abnormal, and in other words, the character may 
sometimes act as a dominant and sometimes as a recessive. 
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k. Sex-linkage of the new factor ^ A, at first obscured by the 
phenomenon of non-disjunction 

Though the first work seemed to indicate that the factor for 
abnormality, which we will call A, was not sex-linked, the back- 
crosses threw doubt on this conclusion. For example, Fi normal 
males, from cross abnonnal male by wild female, were mated to 
wild females (table 3, Series a). From this cross were hatched 
491 flies, and these were all normal. If the A factoi* is not sex- 
linked, why did the Fi males not transmit it to any of -their 
offspring? If it is sex-linked, then none of the Fi males used 
in this cross carried the factor, since the one sex-chromosome 
carried by each male came from his mother, who was wild. 
On this hypothesis, we should expect no abnormal males from 
the cross Fi normal male by wild female (table 3, Series b). 
From two of the three bottles of this cross, no abnormal males 
hatched. However, 18 abnprmals, out of. a total of 224#flies, 
hatched fropi the third bottle. It will be noticed, also, that 
abnormal males appeared in two of the eight bottles (table 2, 
Crosses I and III) among the F i of the cross abnormal male by 
wild female (red or white). These cases were difficult to explain 
on the theory that the factor is sex-linked, and yet the other 
cases, where no abnormal males appeared, were difficult to explain 
on any other theory. The results thus far were perplexing. 

The appearance -of the small number of abnormal males in 
the above experiment, where no abnormal males are expected, 
may be explained on Bridges’ hypothesis of non-disjunction of 
the sex chromosomes (Jour. Exp. ZooL, vol. 15, no. 4). On this 
view, the two sex-chromosomes sometimes stick together and 
either remain in the egg when the polar bodies are formed, or else 
both are eliminated. Should an egg from which both of the sex- 
chromosomes have been removed be fertiUzed by a female- 
producing spermatozoan from the abnormal male— a spemaato- 
zoan that carries the sex-chromosome — an abnormal male 
would be produced. If abnormal males should appear frequently 
in the Fi when the father only is abnormal, one would not be 
justified in applying this hypothesis, for non-disjunction is a 
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rather rare occurrence. I therefore repeated the preceding 
cross {abnormal male by wild female) using both normal (wild) 
and normal white eyed females. No abnormal s appeared among 
the 639 maleg in the Fi (see table 4, Cross I). Each fly was 
carefully examined twicfr to eliminate possible error. To leave 
no doubt whatever, the Fi normal males were bred in pairs to 
wild females (table 4, Cross II). No abnormal flies, male or 

TABTJi; 4 

(^HOSS I 

P Abnor?nal cf by wild r^d 9 P Abnormal d’ by normal while 9 

_ J Nonnftl 91 144 158 393 ^ f White normal c? .35 55 50 146 

^vt .Nonnal 9 104 173 1.54 431 Red normal 9 .. .58 .58 66 182 

Cross II 

Fi Normal & {from Cross I) by wild 9 

' ' . Total 

Fa Normal (cT and 9 ) 1474 751 635 355 3215 

Cross III 

Fi Normal c? (from Cross II) by F 2 normal 9 

Total 

FsNomaMcf and 9) 375 332 942 254 1903 

Cross IV 

Fi Normal 9 (from Cross I) by wild cT 


Normal cf*.... 

..172 

176 

Total 

348 

Normal 9 ... . 

..211 

282 

493 

Abnormal & . , 

16 

24 

40 


female, appeared in the E 2 , and, when these were inbted, no ab- 
normals were Totmd in the Fs (table 4, Cross III) . In this experi- 
ment non-disjunction males did . not appear, for none of the Fi 
males had received a chromosome containing the factor for ab- 
normality. 'The Fi females, on the other hand, when bred to 
wild males, produced some abnormal F 2 males (table 4, Cross IV), 
thus revealing clearly the essential difference between the in-: 
heritance of sons and daughters. Since an abnormal male can . 
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trantoit the factor for abnormality to his daughters onl/ (except 
in rare cases, which may be explained by ijon-disjunction) the 
factor must be sex-linked. This conclusion was justified by 
subsequent work. 


5. Females j homozygoits for abnormal^ may be norimd- 


It has been shown that one dose of the factor A does qot 
always, produced abnormality. Even a double dose xiQt 
cause any abnormality, as is shown in the following expenfliept. 
Two abnormal males were bred separately to two wild females. 
The El females, which were heterozygous, were then crossed to 
abnormal males. Half of the Fa females were therefore hojno^- 
gous, and half heterozygous for abnormality. The results are 
given in table 5. 

TABLE 5 

P Abnormal cf by wild 9 


Fi 9 (from above cross) by abnormal male 


f Normal cT 84 

Fj j Normal 9 73 

] Abnormal cf 1 

[ Abnormal 9 ■ • 1 


56 

68 

6 

0 


Total 

140 

A41 

.1 


Thus only one of the females showed any abnoimality, though 
every one carried at least one dose of the factor. Eighteen of 
the normal F 2 females were bred in pairs to wild* males, with 
the following result: 


Fz Normal 9 (from above) by wijd c? 

f Normal cT '.21 4 9 68 6 16 26 t3 3 19 42 27 dis , d 

Normal 9 56 94 50 118 64 35 69 63 69 l8 111 66 126 49 57 58 5 177 

Abnormal 1 4 1 2 12 8 2 18 ’ 1 23 . 4 1 1 23 3 4 

[ Abnormal 9 2 


Sixteen of the normal Fa females thus produced abnormal 
males. Only a small number of males hatched, indicating that 
the factor for abnormality may act as a semi-lethal factor* 
four of the eighteen bottles, all the males .which hatchedi >were 
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abnorm^. In these four cases, at least, the Fs feinale must have 
been homozygous, as otherwise some of her sons would have been 
noibial. It is thus evident that a female homozygous for ab- 
normal may be normal. 

These results throw light on the following tests of the nonnal 
and abuonnal progeny of abnormal parents (table 6). Abnormal 
plains and females were bred in pairs. Fi normal males from this 
were hred to'Fi normajl females, and Fi abnoimal males 
to Fi abriortpal females. Many of the Fi abnormals either died 

TABLE 6 


P Abnormal o’ by abnormal 9 

.4; ■ 'Total 

Normal c? 8 7 37 52 

Normal • 88 45 ,96 229 

Abnormal d' 40 29 *45 114 

Abnormal 9 21 . 34 43 ♦ 98 

Fi Abnormal a' by Fi abiv)rmal 9 

Normal cf..., 6 ' 1 '7 

Normal 9 33 35 • 08 

Abnormal & 23* 3 26 

Abnormal 9 . • . : 4 18 22 

Fi Normal by Fi normal 9 

Npnnal 6^' 20 17 15 49 53 84 54 62 354 

Normal 9 • 62 74 38 80 96 130 103 99 672 

Abnormal cf 21 12 25 38 24 19 28 32 199 

Abnormal 9 3 3 28 8 8 8 17 18 93 


or were infertile, but those that were fertile produced in Fa 39 
per cent of abnoimal individuals. The Fi normals of the same 
parentage produced, when inbred, only 22.1 per cent of abnormal 
individuals. Abnormal offspring of abnormal stock thus yield 
more abnormals than do nonnal offspring. The reason for this 
becomes apparent when we consider that the stofk had not 
then been proven to be pure. Among the parent abnormals 
were therefore probably both homozygous and heterozygous 
individuals, and when the Fi were chosen, some of the normals 
among them may. have been true normals, whereas the Fi ab- 
normala chosen were at least heterozygous for A. 
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The proportion of abnormal flies in the stock bottles vari^ 
from time to time. Records’ of the stock showed that it might 
yield a high per cent one month and a low per cent the follow- 
ing month. Also, the flies in any one stock were of varied t3rpes. 
Some were only slightly abnormal, and some were so abnormal 
that they could scarcely walk. The slightly abnormal pro- 
duced progeny as abnormal as that of the very abnormal. This 
was shown by the following tests, a and b. ^ 

Test a, A slightly abnormal male was mated to a slightly 
abnormal female, and a very abnormal male to a very abnormal 
female: 

Pi Very abnormal by very abnormal 

p J Normal , 28 

^ \ Abnormal 5 


The abnormalities in t^e two cases were similar; 

From slightly abnormal parents From very abnormal parents 

4 flies showing reduplication in 1st 3 flies showing reduplication in Ist 
left leg , left leg 

1 fly showing reduplication in 3d 2 flies showing reduplication in Ist 
right leg right leg 

Test h. A stock which was yielding only a small percentage 
of abnormals was divided into two parts. The least abnormals 
were inbred and the most abnormals were inbred: 

Per cent of 
Normal Abnormal abnormal 

From the most abnormal Fi 386 110 22.2 

From the least abnormal F,... 400 119 22.9 

The degree of abnormality and the per cent of abnormal off- 
spring wer#thus approximately the same, whether the parents 
were very abnormal or only slightly so. ' 


Pi Slightly abnormal by slightly 
abnormal 


Norrnal 18 

Abnormal 5 
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teLUBNCE OF THE ENVIRONMENT ON THE DOMINANCE OF 
ABNORMALITY 

i. The changing dominance at least partly dependent upon the 
Umperature 

As has been said, the proportion of abnormal flies in the stock 
showed consideraMe variation, and on two occasions the ab- 
normaUties almost msappeared. In the summer of 1912, shortly 
after the appearance of the mutation, an apparent ^reversion’ 
to tiie normal type took place, and only a few abnonnaLs hatched. 
After careful selection and inbreeding of these, the abnonnalities 
in the stock returned. Again, in the spring of 1913, as the warm 
weather came on, a similar ^reversion’ took place, though some 

TABLE 7 


developed at beduced temperature dkvklopeu at room temperature 


j Nonual 

Abnormal 

PcTcen tagc 
of 

abnormal 


Pprcpiitage 

Normal Abnormal ‘ of 

. M) normal 

Stock a.. 

46 

44 

48,8 : 

Stock a, . , 

235 ^ 43 j 15.4 

Stock b.. 

. . 33 

1 71 

68.2 1 

Stock b. . . 

Of) 11 10.8 

Stock c,. 

. . 198 

1 

I 87 

30.5 


; i 


abnormal flies were found uii all the bottles. 'Stocks which had 
been yielding a fairly large per cent of abnormal flies now yielded 
only a few. Since in both cases the 'reversion’ took place at 
the approach of warm weathjr, it seemed possible that tempera- 
tui'e affected the production of the abnormal flies. To test this 
assumption, mass cultures from several stocks were placed in an 
ice chest and kept there until the pupae had developed, when 
they were removed to room temperature. The result was decisive. 
The per cent of abnormal flies was from three to six tjjies that of 
the controls which were taken from the same stocks and kept 
at room temperature (table 7) . 

Many things obscure up to this time became clear. For 
example, the fact that a male carrying the factor for abnonnality 
or a female carrying one or two doses of this factor might be either 
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abnormal or normal, became obvious when the ^ect of the 
environment was taken intd consideration. The un^cces^ 
attempts to obtain pure stock were evidently due to unfavorable 
environmental conditions. If this were the case, the stock, 
which had been selected for many generations, was most probably 
pure. ; 

Pure stock was readily obtaiued by inbreeding pairs of the Fi 
abnormals of abnormal parents and allowin^he F 2 to develop 
in the ice box. The best record so obtained was as follows: 

( Normal cf* 47 

Normal 9 ! *. 80 

Abnormal d* 90 

Abnormal 9 67 

The F] female used must have been homoyzgous, for otherwise 
the per cent of abnormal males would not have been over 50 
per cent. The pure stock thus obtained was used as a basis for 
all the remainder of the Experimental work. 

Many of the iced flies showed a greater degree of abnormality 
than any of thoSe which had been previously studied. In many 
cases the legs were mere stumps and the flies could not hatch 
normally. When the pupa cases opened, the flies were drawn 
out of them with needles and these flies, almost without exception, 
proved to be very abnormal and incapable of locomotion*. 

Up to this point only the general influence of the cold was 
understood. The bottles put on ice had been kept there until 
the pupae were well formed. The following questions arose: 
(1) At what stage in the development must the cold be apphed? 
(2) How long must the developing flies .be left in the ice box 
in order to become abnormal? 

2. Low tern^eraiure more effective if ike developing flies are tooled 
at early stages 

To unswer these two questions, two series' of experiments were 
undertaken. For both of these pure stock only was used. In 
the first experiment, pairs of the pure stock were mated, and in 
most cases, allowed to remain in the bottles for only one day. 
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was done so that the eggs in one bottle would be approxi- 
mately the same age. In some cases, the parents remained in 
bottles two, three and four days. In all cases the average 
the egg-laying was considered as naidway between the 
timcf when the parents were placed in the bottle and the time when 
they were taken from the bottle. The number of eggs was not 
counted. After the parents had been removed, the bottles were 
kept at room tpnft)erature and then put on ice at stated periods. 
Sohte were put in the cold immediately, and others were kept 
at room temperature from one to nine days before they were 
placed in the cold. After, the eggs or larvae had been put into 
the ice chest, they were not removed, except to add food, until 


Age of eggs, or larvae when cooled 

Total Abnormal 

Per cent of 
abnormal 

iday- 

12 

12 

100.0 

.11 ta2... 

506 

341 

67.4 

2ito3 

■ *290 

148 

51.0 

4... 

417 

98 

. 23.5 

4|to5.. 

609 

80 

11.4 

5ito6. 

752 * 

70 

10.5 

7 

510 

43 

8.4 

TitoS 

060 

116 

12.1 

8Ho9.... ^ 

, . 306 

33 

10.8 

9 to 9i. 

303 

15 

3.8 

Control, not cooled , 

1711 ’ 

174 

10.1 

they had hatched. The temperature of the ice chest ’was not 

kept constant, but varied slightly about 10°C. 

Controls of the 

same pure stock were kef)t at 

room temperature. 

In these 


'botte, the flies ‘emerged in- about twelve days. The percentage 
of abnormal flies which hatched from the iced bottles was found 
to depend upon the stage at. which the cold was first applied. 
The results are given in table 8. In those bottles which were put 
on ice immediately after the mating, many of thelHies were in- 
fertile, so that the number of Fi flies which hatched was very 
small. However, these were all abnormal. The longer the 
flies developed at room temperature, or, in other words, the 
longer the time before they were placed on ice, the smaller was 
. the number of abnormal flies. The bottles kept in the room six 
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days or more than six days developed no more abnormal flies 
than those kept for the entire time at room temperature. When 
the larvae were left in the room nine to. nine and one-half days, the 
percentage of abnormal flies fell to 3.8 per cent, but this evidently 
is not significant, as the total number of flies was small. The 
small number of abnormais in this case may have been due to 
an increased room temperature at the time these flies were 
developing. The results are plotted in diagram 2. The curve 



Age of eggs, in days, when cooled 
Diagram 2^ 

of abnormality shows a rapid fall from its highest point, which 
represents the number of abnoimals when the entire development 
took place at the low temperature, to a point corresponding to 
the number of abnormais when the first six days of development 
took place at room temperature. From this point the curve is 
nearly parallS to the abscissa. This indicates that low tempera- 
ture is effective only if first applied at early stages, and that, 
after the larvae have developed a few days at room temperature, 
a decrease in temperature is ineffectual in causing abnormalities. 


^ Dotted line is theoretical curve. 
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3, Low temperature more effective if inainiained ikroughoui 
develop77ient 

In the second experiment, eggs were put on ice immediately 
and kept there for different lengths of time, after which they were 
removed to room temperature for the remainder of their develop- , 
meat. Flies of pure stock were placed in bottles containing 
banana spread out on narrow strips of paper. The food was 
removed at short intervals, one hour, two hours, etc., though in 
some cases it remained in the bottles over night. As soon as 
removed, the food was carefully examined and the eggs were 
picked from it, one by one, by the aid of a flattened needle, and 
placed on fresh banana in a ‘clean bottle. Their number was 




OiLTS ON ICC 

NO. OF 
EOGS 

NO. E#3GIS PEI? CENT 
MATCHED ; HATCHED 

NOHM.^L 

AHN’OKMAL 

RUM 

PER CENT 

or 

ABNORM.VL 

1 to 5 

1370 

644 

47.0 

oS9 

44 

633 

7.0 

6 to 10 

608 1 

290 

47.7 

209 

77 ! 

280 

26. 9 

11 to 16 

1 260 

99 

38.1 

40 

50 

! 90 


22 to 24 

46 

17 

37.0 

i 

8 

I 1- 

! 06,6 

32 to 35 

' -44 

j, 13 

29. S 

! 2 

9 

11 

1 81.8 


recorded. When the eggs were transferred, they were not placed 
directly on the banana but irpon a piece of filter paper placed over 
the food. This was done to avoid covering the eggs with the 
food, which may .prevent, them from hatching. The bottles 
were then placed on ice. Sq^rie were kept there one to five days, 
others six to ten days, etc. The bottles were then removed to 
room temperature. Table 9 and diagram 3 give the results. 
Some of the flies which hatched had lost one or more legs and 
therefore could' not be classed as abnormal or normal. For this 
reason the ‘number hatched’ is larger than the sum of abnormal 
and normal. 

The per cent of abnormal flies varied directly with the length 
of exposure to cold, but the number hatched varied inversely 
with the length of exposure to cold. As many of those which did 
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' ' Days left on ice 

diagram 3 

jiot hatch would have been abnonnal, the percentage of abnorinal 
flies would probably have been larger, had the full number 
hatched. 

These two experiments show ?onclusively*that a temperature 
of 10°C. maintained throughout* development, produces a large 
percentage of abnormal flies. 

LOW TEMPERATURE WITHOUT EFFECT ON WILD STOCKS 

* 

Flies from a wild stock were mated, both in pairs and in mass 
culture and placed in the ‘ice box iiomediately or several days 
after .mating. The larvae were removed before they hatched. 
Of the 1352 flies which hatched, only one showed any abnormal- 
ity. The test was repeated, and this time the eggs were cooled ^ 
shortly . after they were laid, and the pupae were ^allowed .to 
hatch in the ice box. The 214 flies which hatched were aU 
normal. Low temperature, therefore, does not cause r^uph- 
cation in nonnal stock. The one abiKftmal fly that appeared 
in the first case was probably due to infection. Possibly it may 
have been a mutant. On the other hand,' the abnormality hiay 
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liave been simply a somatic variation,, for a few abnormal flies, 
siinilar to those of my stock,. have been found from time to time 
in other cultures, but when bred, they have never transmitted 
’ e variation. 

SELECTION AND MITATION 

Repetition of selection of wild stocks not folloived by mutation 

As the abnormal flies originally appeared in a selection experi- 
ment, it might seem probable that selection had some influence 
on the appearance of the mutation. Were such the case, the 
mutation should appear again if the original selection should 
. be reputed. Wild stock was therefore selected, as before, for 
a high number of teeth in the sex-comb . TJie selection was carried 
on even longer than in the first case, but no abnormal flies were 
discovered. 


2, Selection in th§ reverse direction also not followed by mutation 

Selection for the smallest number of teeth in the sex-comb was 
carried out. From wild stock a number of flies having eight dt 
nine teeth were mated in pairs to wild females. From the Fi 
and succeeding generations the males that had the smallest 
number of teeth were selected for further mating. Not^all the 
males were examined in each generation, but in the sixth and 
tenth generations careful counts were made. 


6th generation. 


b 

C 

d.. 

Average. . .. 


9.11 

8.89 

*8.90 

10^0 

9.30 


.10th generation 

a 9.30 

b 9.40 

c 9.40 

(1 ,...9.10 

e 9.20 

f 8.20 

Average 9.1,5 


The average number of teeth in the wild stock is ten. Selec- 
tion. downward has brought about a decrease in this number. 
The flies which hatched in each generation of both this and the 
previous selections were carefully examined for leg abnormalities, 
but no mutations in the legs were found. 



262 


MILDRED A. HOGE 

As a check on the selection experiments, wild stocks from 
various localities were examined, and the average number of 
teeth of 30 to 40 individuals in each stock thus obtained: 


Seattle, Washington 9.40 

Liverpool, Xova Scotia ' 10.60 

Harris, Minnesota 9 .06 

Newport, California ► 9.50 

Madison, Wisconsin ! . .10.20 

Sheridan, Wyoming 10. -W 

Santiago, Cuba 10.50 

Guantanamo, Cuba 10.60 

Average of averages 10.14 


A slight variation thus appears in different stocks, hixt this 
may be due to the small number counted. 

THE LINKAGE BETWEEN THE FACTOR FOR REDUPLICATION AND 
OTHER SEX-LINKED FACTORS 

Red-eyed abnormal males were crossed to norjnal females with 
white eyes or barred eyes or vermilion eyes. These three char- 
^ters are sex-linked. The first generation was allowed to de- 
velop at room temperature. The flies were then mated at room 
temperature, and later transferred to new boUles and placed in 
the ice chest, where the eggs were laid. Mating at room tem- 
perature was found to be necessary, as it evidently does not take 
place at the low temperature. The eggs developed ver>^ slowly, 
and, although many reached the late larval, or early pupal stage, 
development did not* proceed farther in most cases. A few 
flics emerged at the low temperature, but the numbers were too 
small to be significant. The same matings were then repeated, 
but with some changes in method. When the Fi hatched, they 
were mated both in pairs and in mass cultures, and then removed 
not to an ice box, but to a cold room, the temperature of which 
varied approximately from 10 to 15°C. After the F -2 larvae had 
pupated (about 20-28 days after m;ating of Fi) they were removed 
to the normal room temperature, at which the flies hatched. 
No attempt was made, as in some of the previous experiments 
(tables 8 and 9), to have the conditions nearly identical for all 
the developing flies, as. the experiment was planned to obtain 
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many abnormals in r2 as possible. Thus, when the bottles 
•were removed to room temperature, although some of the larvae 
had pupated, others were still in the larval stage. By this method 
a much larger yield was obtained, and a fair percentage of those 
which hatched were abnormal. 

Two kinds of controls were used. In the first, .the Fj flies 
which had laid in the cold room were transferred to new bottles, 
and a second batch of eggs was laid at normal room temperature, 
where the entire development took place. For the second control, 
abnormal flies from pure stock were mated, and kept in the cold 
room, as in the case of the Fi described above. The expectatiorj 
and the Count are as follows: 


Ciioss 1 2 


Vermilion normal 9 by l etf abnormal 

Fj red 9 heterozygous vermilion normal cT 


Gametes of Fi 


Non-cross- 

Cross-over 


over eggs 

eggs 

Sperm 

V a' X 

v,A' X 

V a' X 

VA'X 

Va'X 

0 

V a' X ] 

' Vv 1 

vermilion abnormal 9 


VA'X 

Fj Red abnormal 9 y 

(expecta- 

ya'X 

Vermilion normal cf 

VA^X 
0 


Red abnormal d' 


g red normal 9 

m 

QQ 

0 


vermilion abnormal 

red normal <f 


y\'X ' 
V a' X 

Va'X 

va'X 

yVX 

0 

Va'X 

0 


* The symbols used in the text are as follows: Br', dominant factor causing 
barred eyes; br\ its allelomorph in the wild red fly; w, recessive factor caus- 
ing white ejxs; W, its allelomorph in th^wild red fly; v, recessive factor causing 
vermilion eyes; F, its allelomorph in the wild red fly; A \ dominant factor caus- 
ing abnonnal legs; a', its allelomorph in the wild fly. In Crosses I and 11, the F] 
should show complete criss-cross inheritance, the females being like their father 
and the males like their mother, since the female parent carrried only recessive 
sex-linked characters. Practically all the F] in all three crosses w^ere normal 
since they had developed at room temperature. 
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Normal 


^i^ntrol 1) 

Developed at room temperature 
U8 bottles) ' ■ / • 

980 
1016 
611 * 

878 

126 


Developed at low temperature 
(22 bottles) 

f red 9 1712 

vermilion 9 - .1908 

, red cT 329 

Fj [ vermilion cr...l654 

(count) ' f red 9 3 

Abnormal I red d' 530 

[ vermilion c?*.. . 5 6 

Total number of non-cross-over abnormal males* 656 

Total number of cross-over abnormal males 11 

.Total number of F 2 abnormal males — 667 

Ratio of cross-overs to total number 1.6 per cent 

Cross II 

White normal 9 t>y red abnormal d 


expecta- 
tion ) 



/w a' X\ 


/wa'X\ ‘ 

red 9 heterozygous 

\WA'X/ white normal d ^ — q — J 

Non-cross-over Cross-over 


eggs 


e^gs Sperm 

Gametes of Fi 

w a'X 


wA'X wa'X 


WA'X 


Wa'X. 0 

• 

wa'X ] 


w A'X 

White normal 9 

w a'X 


white abnormal 9 # v 

w a X 


WA'X 

« 

'’Wa'X 

, Red abnormal 9 , 

w a'X 

i 0 

■ 

Ol 

red normal 9 

. wa'X 


w a'X 1 

> OQ 
0 

wA'X 

White normal d 

'“o~ 

a 

0 

c 

. white abnormal d q 


WA'X 1 


Wa'X 

Red abnormal d 

0 ; 


red normal d ’ 


Developed at low temperature 
(18 bottles) 

f red 9 969 

, 1 white 9 892 

Normal ( , , oAa 

1^2 red d 346 

(count) [ white d 579 

red d 250 

white d 90 


Abnormal 


* (Control 1) 

Developed at room temperature 
• (5 bottles) 

352 

304 

298 

298 

47 

31 


* In calculating the linkage, only the F 2 abnormal males are considered: All 
the F 2 abnormal males, whether developed in the cold room or at normal ro(xm 



INFLUENCE OF 'liGMPERATURE ON DEVELOPMENT 265 

Total number of non-cross-over abnormal males 297 

Totftl number of cross-over abnormal males 121 

Total m^ber of F* abnormal males 41& 

Katio of cross-overs to total number 28.9 per cent 


Cross IIP 


Barred normal 9 


/Br'a'X\ ^ , /br^A'X\ 

«ot-barrc<i abnormal d \ ' " q ) 


Fr barred 9 heterozygous 


Gametei? of Fj 


Ft Barred abnor trial 9 

(expecta- 
tion) 

Barred normal d 


Not-barred * 
abnormal 

Developed at low temperature 
(22 bottles) 


(Br 'a 'X\ 


/Br'ft^X\ 

^br 'A'xi 

and barred normal d ^ ~ - j 

n-cross-over 

Cross-over 

eggs 


eggs Sperm 

Br'a'X 


Br'A'X Br'a'X 

br'A'X 


br'aX 0 . 

Br'a'X 1 


Br'A'X 

Br'Vx 

1 

j 

barred abnormal 9 „' / "7v 
Br a X 

br'A'X 

GQ. 

Si 

br'a'X 

Br' a'X 

> 

? 

05 

bnrrcd normal 9 „ , , v 
Br a' X 

Br^a'X 

‘ e 

■ . Br'AX 

0 

0 

a 

barred abnormal d q 

br'A'X 


br'a'X 



not-barred normalcT 


Control I * 

Developed at room temperature 
(8 bottles) 


(count) 


Normal 


Abnormal 


barred 9 2536 

1433 

barred d 943 

598 

not-barred cf.. 378 

381 

r not-barred d-- 296 

167 

\ barred d 74 

46 


Total number of non-cross-over abnormal males 463 

Total number of cross-over abnormal males 120 

l^otal number of Ft abnormal males ■553 

*^llatio of cross-overs to total number 20,6 per cent 


temperature, are counted together, as the 1 1 parents were identical for both. The 
bottles were carefully examined, and when the pupa cases opened, the flies, if 
unable to emerge, were drawn out with needles. Many of the abnormals recorded 
fpere thus artificially hatched', and it was only by this method that so large a yield 
tvas obtained. 

,f In Cross III, the Fi should show criss-cross inheritance with respect to^ factor 
A i^y, as the factor for barred is dominant in the female parent. 
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In crosses like Cross III, where one or both dominant sex- 
linked characters entered with the female parent, the ‘cross-* 
overs' are recognizable only in the male class, since all the F 2 
females carry the factor which Tyas dominant in their grand- 
mother. In crosses where both sex-linked characters are reces- 
sive in the female, as in Crosses I and II, the F 2 females, as well 
as males, can usually be used in determining the linkage. In the 
present experiment, however, the female ‘cross-overs’ must 
necessarily be disregarded, since, as will be shown later, female 
flies, carrying A are more often normal than are males carrying A. 

It is obvious that all of the F 2 males can not be used to deter- 
mine the linkage, since some males that are normal, whether 
barred, vermilion or white, may carry the A factor. The cal- 


W 


w 


X 


V 


V 

■Diagram 4 




Br' 



culation of the linkage is, therefore, made on the following 
basis. Though all of the F 2 flies are recorded, the abnormal 
males only are considered jn determining the linage. The ratio 
‘between tl?b abnormal ‘cross-over’ males and the total number 
of abnormal males is thus regarded as a measure of the distance 
between the A factor and the other factor under consideration. 
This scheme rests upon the assumption that barred, vermilion, 
white, and red flies, carrying A, develop the redupHcations to an 
equal extent. This assumption seems justifiable, as there is no 
evidence that any interaction takes place between the A and 
other factors. 

The results given above show- that the linkage 'between the A 
factor and the three other factors compared above is strongest 
in the case of vermilion (1.6), j^iuch weaker with barred (20.6), 
and still weaker with white (28.9). Sturtevant (’13)* showed that 
30.7 per cent of crossing-over occurs between white and vermilion, 
and Tice ,(’14) showed that 25.3 per cent of crossing-over took 
place between barred and vermilion. These three factors may 
be diagranmiatically represented as in diagram 4. The strength 
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of the linkage between vemoilioo and abnormal indicates that 
their loci are close together. This conclusion is further sup- 
ported by the linkage between white and abnormal (28.9) and 
between barred and abnormal (20.6). These distances are 
reasonably close to those obtained by Sturtevant, for w'hite and 
vermilion, and by Tice, for barred and vermilion. Recent work 
done in this laboratory has shown that a double crossing-over, 
involving twp breaks in the chromosome, may take place when 
long distances are concerned. When this occurs, the non-cross- 
over classes are increased and the cross-over decreased. Allow- 
ing for a laJ*ger number of double cross-overs in the present work 
than in that of Sturtevant and Tice, the results fall within the 
limits of variation which might be expected if vermilion were as 
close to abnormal as the per cent of cross-overs (1.6) indicates. 
It seems hardly necessary to determine on which side of veimilion 
the A factor is located, since the nature of thj. character will 
necessarily exclude it from other linkage experiments. 

These results afford additional evidence, were such necessary, 
of the location of the A factor in the sex-chromosome and of the 
identical behavior of .this and other sex-linked factors. 

THE FACTOR FOR REDITU A’ SEMI-TJ-rfHAL 

A second control of the above crosses was made by allowing 
flies of pure abnormal stock to develop at the low temperature 
until the pupa stage had been reached, when they were removed 
to normal room temperature. The feature which distinguished 
this control from the main test was thus not a difference in the 
environmental conditions, as in the first control, but a difference 
in the genetic constitution of the flies. The following flies 
hatched from this control. 

P — Abnormal stock (o bottles) 


fNorma) 9 

p 1 Normal ! 105 

* lAbnormal v 

[Abnormal d',: 301 


It was necessary to hatch many of these flies artificially, as 
before, but the normal individuals were perfectly normal. There- 
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fore, the low temperatures maintained during the main test were 
either kept too high or not continued long enough to influence 
all the flies carrying the A factor, but only by this method could a 
sufficient number of abnormal flies be obtained. It is important 
to note that from the low temperature bottles of the abnormal 
stock, a smaller number of males than females was hatched, and 
that the larger proportion of the abnormals were males. Thus 
the low temperature, which has been shown in table 9 to exert a 
lethal effect on pure abnormal stock, is more fatal to males than 
to females. 

Previous experiments (table 9) have shown that, when pure 
abnormal stocks develop at low temperature, the per cent of 
abnormals is increased, but the total number of flies decreased. 
Abnormal flies are thus much less viable than are flies of wild 
stocks. However, as the abnormals appear more frequently 
when the larv£|je are developed at reduced temperature, the low 
viability of this stock is much more pronounced under these con- 
ditions. In crosses with the wild, when the r 2 flies have de- 
veloped at room temperature, those classes which, in the absence 
of cross-over, carry the factor for abnormality, as the red-eyed 
flies in Crosses I and II and the not-barred flies in Cross III 
fall only slightly, if at all, below the other classes. If the Fj 
flies are raised at reduced temperature, however, these classes 
fall far below the others. This decreased’ viability is often noticed 
in the males alone, for, as stated above, females, even when 
homozygous for A, are less affected by a low temperature. Upon 
the males, the factor for abnormality has a definite lethal effect, 
which is greatly increased by reduced temperature. This fact 
is well shown by the following figures, in which the' Fs recorded 
above are grouped according to eye character alone; 

. Cross I 

Vermilion normal^^ by red abnormal cT 

Developed at low Developed at 
temperature room temperature 


Red 9 1715 980 

Vermilion 9 1908 1016 

Red cf 859 737 

Vermilion & 1659 884 
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26 lt 



Cross II 



White normal 9 by red abnormal 



Lom' temperature 

Room temperature 

Jica V • 



352 

White 9 . 

■ S92 

304 

Red S' 

596 

34.5 

White 

m 

3-29 


Cross III 



Barred normal 9 by not-barred abnorrn^ d 



Low t.orn'peraturo 

Room temperature 

Barred 9 

‘ 2536 

1433 

Not-barred & 

674 

.>ts 

Barred c?* 

1020 

644 


These figures show that the lethal effect is also evident in 
those classes of males which would not,. in the absence of 
cross-over, carry the factor for abnormality. In Crosses I 
and II, were there no lethal effect, all foiu ci^es should be 
equal, and in Cross' III the number of not-barred and barred 
males should in each case be one-half that of the barred females. 
Not only are the red males in Cross T and II and the not- 
barred males in Cross III far below the other classes, but the 
vermilion, white and barred males are also low in number. The 
decreased viability of these groups is directly proportional to 
the extent to which the vermilion, white and barred factors 
cross-over, with the factor for the normal red-eye. .Thus, in 
Cross I, the number of the vermilion males was only slightly less 
than that of the red or vermilion females, for only seldom (1.6) 
does ^crossing-over’ affect the vermilion males. In Croces II 
and III, the white and barred males showed a larger decrease 
than did the vermilion males, since the linkage was stronger 
between abnormal and vennilion than between abnormal and 
either barred or white. Also, the white males were more affected 
than the barred males, as ^crossing-over’ took place oftener in 
the case of white (28.9) than in the case of barred (20.6). ' 

It is interesting to contrast the results given above with those 
obtained by Rawls and by Morgan. The former discovered 
among her cultures an unusual sex-ratio of two females to one 
male. Morgan found that this ratio was due to a sex-linked 
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factor, one dose of which is fatal to the male. A female homozy- 
gous for lethal can never be produced^ but a heterozygous female 
with one dose can survive. In the case of the reduplicating 
factor A, a single dose may be more or less fatal, depending partly 
on the environmental conditions during the larval stages, It 
is evident that the lethal effect .was greater when development 
took place at reduced temperature. This was especially apparent ' 
when the first fli^ began to hatch from the cooled bottles \n the 
crosses given above. Since the eggs had not all been laid at the 
same time, and since the bottles had been removed to a w^rm 
room when the larvae began to pupate, the first pies to hatch 
were necessarily those which had been longest under the influence 
of the cold. In the case of a number of bottles, several days 
elapsed after the first hatching before any red or unbarred males 
appeared. Vermilion, white or barred males hatched almost 
from the starf^ so that the delay in hatching applied to the one 
male non-‘ cross-over^ class which carried 'the A factor. This 
result is entirely in harmony with that given in table 9 and shows 
that the lethal effect 6f the A factor varies directly in proportion 
fco the length of exposure to cold. This factor therefore acts as 
a semi-lethal. If many of the flies in the above experiment had 
not been artificially hatched, the lethal effect would have been 
still more pronounced. As practically all the flies which reached 
the pupa stage were included in the count, it seems probable 
that the A factor in many cases exerts i ts fatal influence during 
the early stages of development. 

SYMMETRY OF REDUPLICATED PARTS 

1 , In Drosophila 

The abnonnal legs present a great variety of types, a number 
of which are here figured. A detailed description of' the legs is 
given with thei figures. Special attention has been paid to the 
symmetry of the extra parts, and its relation to the symmetry’ 
of the normal leg. The symmetry is estimated from the manner 
in which the parts are bent upon each other and from the posi- 
tion of the claws on the last tarsal segment. In the case of the 
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tot pair of legs of the male, the position of the sex-comb has 
also proved^ a reliable guide. If the sex-comb is lacking, or its 
position uncertain, the syrametiy of the first leg is determined 
by the cla^^s, and the reverse applies when the t;laws are lacking. 

If a leg has two parts, that are right and left, the symmetry is 
indicated as R, L, the part to the left of the figure being first 
indicated. Two such parts are designated as secoiidary. If one 
of two such secondary parts be again bifurcated into two so- 
'called tertiary parts, the symmetry of the wlftle is indicated by 
‘ separating the letters which represent the two secondaiy parts- 
by a semicolon, thus— R; L, R. The letters X, Y, and Z are 
used when the symmetry can not be determined. When, a leg 
-has three parts, all of which seem to originate at the same level, 
the three letters representing these parts are separated by commas, 
thus— R, R- ^Vhen there are more than three parts originat- 
ing from one leg, coloi>s and then periods are used to separate 
the letters representing the parts. 

A comparison of the legs figured and described in the plates 
shows that they readily fall into a number of definit(3 types, as 
follows: * ^ ' 

Type a. Simple bifurcation occurring at any level of the leg * 
from coxa to tarsus, and involving many or only a few segments. 
The two parts so formed may usually be identified as left and 
right respectively; i.e., they may be considca’ed as inirror ijtiages 
of each others though one of the two parts is sometimes larger 
than the other. Examples: 

Bifurcation at trochanter, figure 30, second left loir, H, I™ 
Bifurcation at femur, figure 14. h'ft leg, L, K(‘f) 
bifurcation at femur,. figure 10, right leg, R, L 
Bifurcation at femur, figure 20, right log, it, Ij 
B ifurcation at femuj', figure 22, loft leg, R, 

Bifurcation at femur, figure 3<S, ieff log, R, 1^ 

Bifurcation at tibia, figure 35, right log, X, V 

Eigures 5, 8 and 34 may be of this type, but the legs are too 
incomplete to determine this definitely. 

Type Bifurcation into two secondary parts and further di- 
vision of one of the ^condary parts into two tertiary parts. 3 his 
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is a very common type. Usually the two tertiary parts may be 
identified' as left and right with respect to each other and that 
tertiary part that is nearer the undivided secondary is a mirror 
image of it. Moreover, the undivided secondary, practically 
without exception, retains the symmetry of the normal leg. Thus 
if the whole leg be a right, the undivided secondary is a right. 
Examples: 

First division at coxa, left 1st lep, figure 24, L; Ry L 
First division at femur, right 1st leg, figure 23, R; L, R 
First division at femur, right Jst leg, figure 18, R; L, R 
First division at femur, right Ist leg, figure 16, R; L, R 
First division at tibia, left 1st leg, figure 11, L; R; L 
First division at tibia, left 1st leg, figure 13, L; R, L 
First division at tibia, right 1st leg, figure 15, R; L, R 
First division at tibia, left 2d leg, figure 31, L, R; L 
First division at tarsus, rightist leg, figure 10, R, L?; R 
First division at tarsus, left 1st leg, figure 12, L; X, Y 

Type c. In examples of this type, there is at most one diviaon 
of segments, and often the leg is undivided, but two division^ are 
indicated by the number of claws or sex-combs. Examples: 
(a) No division of segments, but tarsus with 2 combs and en- 
larged distal segment having 3 pair of claws, two of which have a 
common pad. Left first leg, figure 2, L; R, L. (b) A single 
division of segments resulting in two tarsi, one of which bears 
three claws. Right first leg, figure 7. (c) A single division of 

segments resulting in two tarsi, one of which has two sex-combs 
and probably always two pairs, of claws: Division at femur, 
left fi^t, figure 15, L, R; L; Division at femur, left third, figure 
37, L, R; L; Division at tarsus, right first, figure 6, R; L, R; 
Division at tibia, left first, figure 9, L, R; L. 

‘ Type d. In examples of this type, three parts proceed from a 
single undivided segment. I have only two undisputed cases 
of this type. In one of the two specimens, the outer and inner 
‘parts have the same symmetry and they are mirror images of the 
middle part between them. The symmetry cannot be deter- 
mined in the other specimen, as the claws are lacking. Examples : 
Division at first tarsal segment, left first, figure 4, L, R, L;. 
Division at fourth tarsal segment, left first, -figure 3. 
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Type e. After a single division, resulting in the formation of 
two secondary parts, each of the latter shows one or more furtlier 
divisions, involving segments or only parts of segments. 
Eoimples: (a) First division at femur and ^second division in- 
volving tarsus of each part. Right first, figure 17, L, R ; L, R. 
.(b> First division at femur. One of the secondary parts divides 
into two, and the other into three tertiaiy parts. First division 
at the femur. Second division at tibia or tarsus, Left first, 
figure 19, R, X; L, R (?), L. 

Type f. ^This type is simply a continuation of the process of 
division seen in T^e b, and involves a division into two second- 
ary parts, one of which remains single, whereas the other shows 
several further divisions. First division at femur, second divi- 
sion at tibia^ and third and fourth divisions at tarsUs. Left 
first, figure 21, R: X; Y, Z. ]j. 

Type g. No division of segments occurs, but parts of abnonnal 
siae and shape. Examples: Right first, figure 20; left first, 
figure 27; left third, figure 32. 

Type h. No division of parts, but complete fusion of the two 
legs of the* opposite sides. Example, figure 25, which repre- 
sents the fused left and right legs of the first pair. In figure 19, 
of Type e,' division has occurred, but in this ease, also, the first 
pair of legs is more or less completely fused. 

All of the abnonnal legs of Drosophila that I have studied 
belongs to one of these nine types. Many examples of nearly 
all the types have been observed, but drawings were made only 
when a new variety of the type was found. At first sighj^ these 
types may seem unconnected by any plan of division. Careful 
study, however, will reveal the fact that, although the first six 
types are dissimilar, the difference is one of degree, and not of 
kind. . All have evidently been produced by one or more bifur- 
cations. In Type a, only one division has taken place, and only 
two parts have resulted. The two parts arc mirror images and 
there is no reason to assume that either of them is duplex in 
value. The examples of Type b obviously result from two 
successive bifurcations, the first, which is similar to the single 
division of Type a, ^and, the second, which affects only one of the 
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parts formed by the first division. In Type Cj the second' cHvi^cai 
does not involve the division of segments and it is indicated oidy 
by the double claws or double combs. It is possible that in th^ 
cases, the claws and combs alone, and not the segments betweai, 
them, should be regarded as duplex, but it seems more prob^le ■ 
that such fonns represent legs in which the second divisi(m is 
incomplete, or in which the parts formed by the second division 
have become more or less fused. 

The symmetry of the tliree parts is very definitely regulated. 
In all examples of the two typesM:> and c — in which the symmetry 
of the three parts can be determined, the following rSations are 
clear. The undivided secondary part formed by the first division 
maintains the true symmetry of the leg. If the leg 'be a right, 
the undiyided secondary is a right, no matter whether it be the 
outermost or the innennost of thUe three parts. The tertiary 
part next ‘to it is a mirror image of it and the tertiary part far- 
ther from it is like it in symmetry. The symmetry of thC two 
tertiary parts appears as though regulated by the symmetry of 
the undivided secondary part. This conclusion is the only one 
possible if it be granted that Type b is only a further develop- 
ment of Type a. 

The three ai)parently equal parts in the legs of Type d proceed 
from one undivided segment. This form of reduplication may 
seem very different from that just describeii; but I am inclined 
to think that it is simply a modification of Type b, in which 
both divisions have occurred at the same level of the leg. 

If the process of division, characteristic of the types thus far 
described, should be further continued, it would lead -to the for- 
mation of forms such as those described under Types e and f. 
In Type e, both instead of one of the secondary parts, forrned as 
in Type a, divide, and if no further division occurs, a form hke 
that of figure 17 results. It should again be pointed out, however, 
that a division of the sex-comb may or may not indicate a duplex 
nature of the part, though the former supposition seems more 
probable. If, however, there should be a further division, in- 
volving only one of the four tertiary parts, .five parts, instead pf 
four,, would be formed. Four parts might also arise, not as in 
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figure 17}, by simultaneous division of both secondary parts, but 
by a continuation of the process begun in Type b. Thus, if the 
undivided secondary should still remain simplex, and if one of 
the two tertiary parts, fonned by division of the other secondary, 
should divide, four parts wOuid result. I have no examples* of 
this’ kind, but figure 21 involves the, same process in wliich the 
division has proceeded one step further. This leg is particularly 
infc^esting, since it shows to what an -extent the successive 
divisions may take place. The respective values of the parts 
in this leg^are very clear. 

^he symmetry of these legs having four or five parts leads 
to some further considerations. Since in genoi'al, two parts with 
the same symmetry are not adjacent to each other it is probable 
tjiat, with each subsequent division, the symmetry of the new 
parts is regulated by the syr^metiy of the adjacent parts. We 
may thus conclude, that a single division, as in Type a, results 
in the formation of a right and left, either of which may be on 
the outer side. The symmetry of a part formed by a further 
division of one of these two is determined, not by any special 
' innate potentiality which it possesses, but by its position with 
respect to the adjacent parts. 

Wben the abnormal flies developed at low temperature, the 
legs often showed a greater degree of abnonnality than when 
development took place at nonnal room temperature. The 
basal parts were frequently veiy much enlarged, and sometimes 
divided, as in figure 36. In other specimens, ho division of the 
segments had taken place (Type g, figs. 26, 27 and 32). Legs 
of this type were usually found on flies having other legs which 
were more or less divided, and as they have never, to my knowl- 
edge, been found on flies of the normal wild stock, it may safely 
be concluded that they, also, arc due to the A factor carried by 
the abnormal flies. All the other types may be explained as 
due to one or. more divisions, which in some cases were indicated 
' only^ by double combs or by extra claws. Since the division 
may thus manifestly affect such small parts only, it seems reason- 
able to conclude that in the abnormally shaped legs of Type g, 
the divisions have affected only parts of the segments, or groups 
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of cells. The three groups of teeth line£u*ly arranged in the first 
tarsal segment of figure 26, lends support to this view of general 
subdivision. 

It seems probable that the cells of the leg anlage in those 
flies which carry the A factor are exti^emely plastic, easily divided, 
and as easily united when, contact occurs. 

The results of the study of the symmetry of abnormal 1^ 
may be briefly summarized as follows: 

1 . Extra parts may arise at any level of the leg. 

2. The parts contained in the extra appendages are only those* 
which are distal to the point of origin,' and all the distal pa^s 
are in most cases iepresented. Figures 2 and 23 are exceptions 

' to this and are probably due to a linear fusion of segments. 

3. The reduplicated parts are the results of a continued bi- 
furcation, and any part may continue to bifurcate although 
the other parts may show no further division. By four bifur- 
cations one leg may thus form five parts. 

4. When a single division takes place, the resulting parts are 
left and right jrespectively. When further division of one of 
the secondary parts takes place, the symmetry of the resulting 
tertiary parts bears a relation to that of the undivided secondary 
in that two parts of the same symmetry are never adjacent to 
each other. The undivided secondary retains the normal sym- 
metry of the leg. 

5. After a division, the resulting parts may be more or less 
fused, and the duplex nature indicated only by a double comb 
or extra claws. I consider a pa5*t as duplex only when some 
definite structure which is characteristic of that part is duplex, 
for otherwise one is forced to assume that the entire limb is duplex, 
whenever any distal part of it shows indication of doubling. Du- 
plex parts, in fact, are usually preceded by proximal parts no 
larger than those of a normal leg. 
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2. Reduplication in other animals 

Reduplication of the appendages has been found in nature 
among many groups of animals, but it has been most frequently 
observed in arthropods, amphibia, and mainmals. The extra 
parts observed in arthropods usually consist of two supernumer- 
ary appendages. Jn mammals and in amphibia, many kinds of 
reduplication have been found, such as an extra pelVic girdle 
with two supernumerary limbs (amphibia); one or two extra 
^ exti:einities more or less complete (amphibia, birds, mammals, 
man); extra digits (cat, man, etc.). The extra parts are often 
somewhat incomplete or imperfect. In mpi, polydactyly is 
the most common form of reduplication. There are various 
kinds of polydactyly, and in the majority of cases, there is no 
manifest change in ,the symmetry of the hand or foot, and the 
extra digit is apparently a reduplication of one of the nonna] 
digits. A new symmetry is, however, sometimes established, 
as in double hands and feet. 

Bateson^s pioneer work on “The materials for the study of 
variation'^ has done much in bringing together examples of 
meristic phenomena from all the main phyla. In this work 
Bateson has described reduplication in insects, Crustacea, birds 
and various mainmals, artiodactyls, perissodactyls, cats and 
man. In his recent work on “Die Vertebraten Hypermelie,’’ 
Pol has collected more evidence concerning the meristic variations 
of vertebrates, especially of man, and he has also included a 
summary of the experimental work on regeneration of limbs 
of amphibians. 

3. Reduplicatton in insects 

Bateson has formulated a number of rules to apply to re- 
duplication in insects. The substance of these is as follows:^ 

1. The parts composing extra legs do not ns a rule greatly differ 
from those of the normal legs which bear them. 

2. The parts found in the extra legs arc those parts wliich are in the 
normal leg peripheral to the point from which the extra legs arise, and * 
as rule, no more. 

^ Bateson, Materials for the study of variation, p. 476. 
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3. Extra legs may arise from any point on the normal leg, 

but there is a slight preponderance of cases beginning from th« apex of 
the tit>ia 

4. It does not appear that extra legs arise moi^ * commonly from 
either of the three normal pairs in particular. 

5. Su^rnumary legs of tlouble structure are sometimes found as 

two limbs separate from each other nearly or quite from the point of 
origin, but in the majority of cases their central parts may be so 
pounded together that, they seem to form but one lifnb, and the essepibiai 
double character of the limb is not then conspicuous except' in the 
periphei-y. ^ . 

Rule 1. The long axes of the normal appendage and of the two extra 
appendages are in one plane; of the tw,o extra appendages one is there- ’ 
fore nearer to*the axis pf the normal appendage and the other is remoter 
from it. ^ 

' ^iile IL The nearer of the two extra appendages is in structure and 
position formed as the image of the normal appendage in a plane mirror 
placed between the iiormal appendage and the nearer one, at right angles 
to the plane of the three o.xes; and ike remoter appendage is the image 
of the nearer in a plane mirror similarly placed between the two extra 
appendages. ^ . 

Bateson states'^ that is practically certain that in-no case 
can a single, vi^?, an unpaired duplicate of the nomial appendage 
grow from it.’’ Thus, he says, limb of one side of the body, 
say the right, has in it the power to fonn a pair of limbs, right 
and left, as an outgrowth of itself, but cannot form a second left 
^limb alone.’’ He explains examples in which there 'is a single 
unpaired duplicate of the normal appendage as instances of a 
supernumerary pair in which only the two morphologically ante- 
rior or two morphologically posterior surfaces are developed. 

If we compare these conclusions with those obtained in the 
present study of reduplication in Drosophila, we find that many 
of the observations and rules of Bateson which are given above 
are in general confirihed. I have found, however, a greater 
number of flies showing reduplication of the first p^ir of legs 
than of any other, though many flies with extra second or4;hird 
legs have been observed. , 

The symmetrical relations which Bateson observed hold for 
* Drosophila in those cases in which two extra parts have 'grown 
from the normal leg. The same relations also hold, in general^ 


® Problems of .genetics, p. 75. 
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for tho|^ legs, of Drosophila in which there are more than two 
extra parts, although Bateson had no examples of this jvind. 
Bateson^s statement that a right limb can not form a second 
left limb’aione appears arbitrary in the light of the present work, 
^ce, in a number of cases, a single unpaired extra part, a mirror 
image of the normal, has been observed. Since such single extra 
^ts show no indication of doubling, I ain not coinunccd that 
ther'fi IS any advantage in regarding them as double. We have 
thus in Drosophila, legs with from one to four extra j^arts, the 
^ latter having certain definite symmetrical relations to each othej' 
and to the normal leg. » 

Comparison between the extra appendages of Drosophila and 
other animals 

Bateson found no examples like those last mentioned, and, 
since lie regarded all insect reduplications as composed of two 
extra parts grafted upon the normal, he was unable to homologize 
the variations of inseqts with those of mammals. If, however, 
the type which Bateson regarded as universal be considered as 
only one of a number of types, “ then the reduplication of both 
insects and maminals may be shown to result from a more or 
less continued process of division. If, with this suggestion im 
mind, the figures given by Bateson and Pol be again examined, 
many reduplications, morphologically very different, will prob- 
ably be brought into line. It must be remembered, however, 
that some of the parts formed by the divisions may fail, as in 
Drosophila,, to attain complete development. This is a possible 
explanation of some of the fomft of polydactyly found in man. 

6, Comparison with the regeneration of experiment of Tornier 

The work of Tornier and Pritsch on regeneration has thrown 
much light on the origin and meaning of the reduplications 
found ip nature. This work* is briefly summarized by Pol. 
Fritsch cut off the hand of Triton, and then, following the method 
^of Barfurth, he made a longitudinal cut in the fore limb. In 
two cases a hand was regenerated from each of the cut surfaces 
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at the end of the forearm. Tomier also performed similar 
experiments. In one case, he cut off the hind leg of Trifiiii near 
the hip joint and stretched a thread across the cut stump, so 
that the femur was practically divided at the cut end. ’A double 
limb, with the two feet turned toward each other, regenerated 
from the cut femur. Tomier carried on a still more interesting 
series of experiments on tadpoles in which the posterior hmb 
rudiments had just appeared. He found that when the anh^ 
of one side only was cut, three limbs were sometimes formed 
on that side instead of one. If the anlage of both'^ides were cut 
at the same time, six limbs sometimes resulted, an extra girdle 
with two legs being on each side. In certain regeneration experi- 
iments where a single cut was made, only one extra limb was 
fprmed, probably due to crowding, and this limb was always a 
mirror image of the nearer stem limb. When twD extra hmbs 
were formed, each was in symmetry with the other if the two were 
near together, but in symmetry with the nearest stem limb, 
if they were far apart, Tomier considered the number of parts 
formed, and the degree of union of the extra parts as dependent 
upon the space in which the parts developed. Thus, in a limited 
space, one part might be crowded out, or two parts become more 
or less fused. • 

* In addition to his experimental work, Tomier carried on a com- 
parative study of reduplication, particularly in insects and in 
mammals. He concluded that the results of his experiments on 
amphibia could be applied to the regenerated legs found in in- 
sects and to the supernumerary limbs of mammals. He showed 
that reduplications in insects could be explained as due to in- 
juries resulting from wounds, and extra parts in mammals by a 
pressure of the amniotic fold upon the embryo. According to 
this view, the number of cut surfaces and the available space 
determine the number of supernumerary ,parts. Thus he ex- 
plained the formation of one or two extra parts in both insects 
and mammals. 

Further observations were made by Tomier concerning the 
-symmetry of the extra parts in insects, and in mammals. In th^ 
beetle, he found that if two extra limbs develop, they are right 
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and left respectively, but that if only one develops, it is a mirror 
picture of the stem leg from which it arises. He furthennore 
states that the evidence from mammals also indicates that an 
extra limb is a mirror image of the stem limb. 

The experiments and observations of Tomier seem to have been 
somewhat neglected. They are certainly highly instructive as 
indicating the fundamental similarity between the extra parts 
of insects and vertebrates. They are also interesting in that they 
afford Comparison with the results obtained in the present work. 
Many of the reduplications found in Drosophila, had they been 
discovered as isolated cases, might readily have been explained 
as regenerations due to injuries, as Tomier has suggested for 
similar formations in beetles. It is rather striking that the^^ 
symmetry of the regenerated parts of insects whi$h Tomier has 
observed is like that of the extra appendages of Drosophila. 
There is, however, one main point of difference. In Drosophila 
the extra legs are not due to injuries, and they are fully fomied 
when the flies hatch. The character is, moreover, inherited, 
in the sense that the potentiality for division of legs is present 
in every fly of the abnormal stock, whether or not it is actually 
realized. The natural conclusion, therefore, is that in the ab- 
normal stock of Drosophila that A factor, acting with the rest 
of the organism, produces a condition favorable for bringing 
about repeated divisions of the leg anlage. The separation of 
the cells of the anlage, as the experimental work on Drosophila* 
has shown, must be brought about more readily when a low 
temperature is maintained. The experiments have further 
shown that a low temperature is effective only if applied during 
the early larval stages. Since tCis is the case, the Ipw tempera- 
ture must act in some way not only on the cells of the anlage, 
but also on the cells which arc to give rise to the leg anlage, for 
at the very early stages the imaginal discs have not yet been 
formed. 

Other work on regeneration, besides that of Tomier, lends 
support to the conclusion that the fonnation of the extra parts 
ihay be due simply to a separation of the cells of the anlage. 
For example, Morgan found that, when the head of a Planarian 



•* 

was cut off, a single head would regenerate, if np further cut were 
made. However, if a longitudinal slit were made at the anterior 
end, or if a wedge-shape piece were removed from the middle of 
the body, a new head would grow from each of the cut surfaces. 
The breaking of the solid connection between the ^cells thiili de- 
termines the duplex mature of the regenerating ead. It 
fore seems probable that, in Drosophila,- if the cells ^ouH be 
separated at the end of the developing limb, a complete 
cation would result, and the structure would be duplex 
out a less or greater extent, depending on the stage of devejpj^ 
ment of the anlage, or upon the length of the separation of%ie 
cells. If the separation should occur on the side of a ' 

|ing limb, either one or two extra limbs mightiresult, depmuj^ 
upon the deg|&e of restriction of the parts. ' 

INHERITANCE OF REDUPLICATIONS IN OTHER ANIMALS 

*■ ■ • 

L Inheritance of extra toe infowls\ 

With the exception of fowls, little is known of the inheritance 
of reduplications, and the data collected do not conform to those 
of ordinary Mendelian inheritance. Davenport, Bateson and 
Saunders, Punnet and Hurst have d(Sue considerable work on 
^ the inheritance of extra toes in fowls. Davenport found that tlie 
extra toe character acts sometimes as a dominant, and sometimes 
» as a recessive. His results were as follows: 

> Normal X extra toe “”>■ Fi 121.6 per cent normal 78,4 per cent abnormal] 

Fi normal X Fi normal F 2 [73.9 per cent normal 26.1 per cent abnormal] 

Davenport concluded that tlie e^tra toe character is dominant 
to the normal, but sometimes so imperfectly so as not to appear. 
This imperfection of dominance, he found, occurs in homozygous 
as well as heterozygous individuals, for in some pure bred strains 
of Houdans or Dorkings having five toes on each foot 3 to 4 per 
cent of the offspring failed to develop the extra toe on either side. 
Davenport thinks this is due simply to a weakening of th^omi- 
nance and not to its reversal. Bateson and Saunders, after work- 
ing with the same character in the Dorking fowl, also concluded 
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that extra toe acts soinetiines as a doiumant, aiul sumotiiues 
as a recessive. They furthonnoi’c state that the recessive nor- 
mal character may sometimes dominate. Bateson and Punnet t 
found that a single individual may gi\T diil'ercmt proportions of 
extra toed otTspring at different pcaiods. 

Hurst’s results on fowls are as follov’s: 

In Fi the extra toe of the Hoiulaii is doniia:int (U'er the normal foot 
of Leghorn, Hainhurgh and Loehin. lu some eases the doininancc' is 
complete, tlie extra toe being reproduced in its entindy: in other cases 
the doininanoe is ineoniplete, all stages of exti'a (oe Ixdng jU’odma'd, 
fiom the most perfect toe down to the mere duplication of t)u’ nail; 
in a few cases the extra toe is found in oiu' foot only, the otlnu’ h)ot. 
being apparently normal; in a h'W citsi^s there is simply an elongated 
hallux. In F 2 the hybrid dominant extra toes of i'’i malt'd together 
gave dominant extra toes and apparently rccessivt' t'xtra toes m pro- 
portion 3.8:1; mated with pure rt'ct'ssivt' (no extr.a to(‘s) tlaw gavt* 
dominant extra toes and apparenllv it'ct'ssive mt extra toes in carving 
proportions 1: 1.3, 1:1.1, 1:1.4. 1 : 3.3. 

Hurst concludes that th(' 1 : 3.3 rates m\ist be due to some ab- 
normal disturbance, since the otlter results are so nearly uiiifonm 
He therefore regards the case as a tiue instance of failurt' of 
dominance, but thinks it evident that segregation tak('s ])laco 
along Mondelian lines. Hurst finds that cases of incomphde 
dominance in fowls appear to Ix' about twice as muma'ous as 
cases of complete dominance. 

2. Itiherilance of polydaetyly in ?twn 

Polydactyly in man is apparentl}^ a dominant, Init as Dtiven- 
port states, polydaetyly is difficult to explain on M('nd(4{aTi 
principles. Bateson finds that it may appear in tlio same strain 
03 ' family under forms morphologically very dissimilar, ’’J'hc 
general facts of inheritance of extra digits in fowls and in jnan 
are thus very similar to those for Hrosophila, for in all three the 
more divided state may sometimes act as a dominant and sonu'- 
times as a recessive. In Drosophila, however, the dominance 
is to some extent dependent upon the environmental conditions. 
It seems probable that a similar explanation might apply to these 
other cases also, and that, to obtain a large numl>er of abnormal 
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individuals, certain external conditions must be maintained 
throughout development. Whether or not these and other cases 
of reversal of dominance or incomplete dominance are the result 
of environmental conditions, can of course be detennined only 
by future experiments. 

3. All reduplications not dominant characters 

Bateson has stated that the less divided state is usually domi- 
nant to the more divided states. Clearly the extra legs of Droso- 
phila as well as the extra digits of fowls and of man, are exceptions 
to this statement. The mule hoof of swine, reported by Spill- 
man, and the webbed character of the digits of man, reported 
by Newsholmo, do, however, conform to Bateson’s rule, since 
both of these dominate the more divided or normal condition. 
Thus the less divided state in some animals is a dominant, in 
others a recessive. I sec no reason to suppose that the more 
divided state should, in all animals, act in the same way— as a 
recessive or as a dominant. Bateson considers the added divi- 
sions to be due either to ‘‘the addition of some factor or power 
which enables the part to divide,” or to the “absence of something 
which in the nonnal body prevents the part from dividing.” 
In the case of Drosophila, it need only be stated that some 
gemiinal change has brought about a new condition of the cells 
of the leg anlage favorable to bifurcation, but further than this 
we cannot go. 

SIMMARV 

1. Selection aimed to produce races of Drosophila possessing 
high or low numbers of teeth in the sex-comb resulted in the iso- 
lation of races with high and low numbers of teeth; but in neither 
race was the number of teeth of the average individual higher 
or lower than the extreme variants in the wild stock. 

2. During the course of the selection a mutation, involving 
reduplications in the legs, appeared. The origin of the mutation 
was probably not determined in any way by the selection, for 
repeated selection in a new line was not followed by a similar 
mutation. 
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3. The new charaeter was found to bo due to a sex-linked factor, 
the location of which in the sex-clu‘omosonie is dose to that of 
the factor for vermilion eyes. 

4. The extra legs sometimes acted as a dominant, and some- 
times as a recessive character, and Hies homozygous for the re- 
duplicating factor were often ])erfectly nonual. 

5. The reduplications were found to be due to some extent to 
the temperature, as a low temperature, maintained throughout 
the larval life, was necessary for the ]moduction of a large pro- 
portion of abnonnal flies. Only flies carrying the reduplicat- 
ing factor, however, could be thus affected by a decrease in 
temperature. 

6. The extra legs were of a variety of types, and the number of 
extra parts in a single leg varied from one to four. A definite 
relation in sjumnetry was found to exist between the iioimal and 
the supernumerary parts. It is apparent that the extra parts 
are formed by one or more bifurcations, and it is suggested that 
reduplications in other animals may be explained in a similar 


manner. 
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KXPLAXA’ITOX OF PLA'I'i'S 

All tho drawings were niado with cainora ami Zaiss binocular, [paired oculars 3. 
j)aircd objt;ctives a?, tho right objocti\c and ocular aloiu' Ixung usod. 'I'liC draw- 
ings arc reduced one-third Oic origina] siz(', and r<'])r(‘S('iit a inagnilical ion of 57.11 
diameters. The nuniber of tiahli in tlic coiiil> is accuralcly ja'prcscntEal. 
Tho figures of cacii of the three pairs of logs arc arratigerl in tla^ j>lat(>s according 
to tlie number of bifurcations of tlie h^g, and begin witii llio.sc^ in wlii<di tlie most 
distal parts only are affected. Unles,s otlierwiso indicated, all legs except those 
drawn are normal, and all legs figured are drawn from ventral view. 



PLATE 1 

EXPLANATION OF FfOl'RF.S 

1 first log of wild male, showing oon-t, troohanter, femur, tibia and 
tarsus of o soginonts. '1 he first tarsal segment bears the sex-eoinb, the teeth of 
which always i)()iiit toward the fly when tlic leg is bent as figured. Tarsus ends in 
a small pa<l and 2 claws which curve towards fly when leg is flexed. 

2 Right lat('ral view of left first leg of very abnormal male, developed at low 
tcniporatiirc; femur and tibia reduced and twisted, tarsus with 2 sex-combs, 
17 and 0 teeth ro.spectlvelx', and 3 pairs of claws on the last of the 4 segments, which 
{)rohabiy rcpre.sents txvo fused segments. .Sjanmetry L; R, I.. Other logs 
hretken or abnormal. 

3 la ft first h’g of feinale ; first three segments of tarsus much thickened, and 
prolonged (list ally into three branches of tw'o segments each; claws missing. 
See also figure 35 which is right third leg of same fly. 

4 Left first leg of male. Fir.st segment of tarsus \ ery xvidc (with 3 sex-combs) 
giving rise to 3 branches of 4 segments each. Symmetry J., R, L. Inner branch 
a left with 2 chiw.s, 14 teeth; middle branch a right with 2 claws, 13 teeth: 
o\itor branch a left with 2 claws, 19 teeth. 

o Loft first log of fimialo; proximal part of log normal; tarsus very short: 
small ])ranch xvitlmut claws proceeds from second tarsal segment; probably 5 
segments in tarsus. See also figure 20 which is right first leg of same female. 

6 Right first leg of male from ventro-latoral view; first tarsal segment bifid; 
inner braneh du[jlcx, as sliown by 2 (*onibs of 9 :nid 10 it'eth, and 2 pair of chaws: 
outer claws and comb left, inner right. Outer branch (a right) with a singh' comb 
of 11 teeth and with 2 claws. Symmetry R; L, K. d'hc right third leg of same 
fly had a small elevation on the trochanter. 

7 Right first leg of female; lower part of tibia bifurcated, each branch ending 
in a complete tarsus; outer tarsus {a right) with 2 claws; inner tarsus (a left) with 
3 claws. 

8 Right first log of male; first segment of tarsus bifurcated, forming two tarsi: 
outer branch {a right) with 9 teeth, 2 chuvs; inner branch (a left?) with groups of 
3 and 6 teeth, and incomplete distal portion; 5th segment evidently broken oft’. 
Sec also figure 37, which is left third leg of same fly. 

9 Left first leg of male; tibia bifurcated as in figure 7, ending in txvo tarsi; 
outer branch (a left) with 11 teeth and 2 elaxvs; inner branch with claws missing 
and with double comb on single tarsus. Double comb consists of a riglit outer 
of 9 teeth and left inner of 9 teeth. Symmetry L, R; L. 
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10 Uii^ht first leg of lofilo; first tarsal segiuont with two combs, outer eontain- 
iiiif Ui toetli, inner lo. From this segment arise two branches, the outer again 
bifnrcato<] at tlio second segment, the inner single. Symmetry of the three 
pairs of claw.s sonuswhat unc(‘i‘tain, but ]>robably right, left and right respectiA’ely; 
outer cortdj |)robaljly cfinivalent to a right and a left combined. Symmetry 
It, 

1 1 Left first leg of mak‘; tibia cleft at di.sttd end. giving rise to a single outer 
branch (a left; with 12 teeth and 2 claws, an<l an inner branch, which bifurcate,? 
again Into a right outer witli 10 teeth and 2 claw? and a left inner witli 13 teeth 
and 2 claws. Synmietry L. 11: L. .\pparently this leg is incai)ablc of bending 
bclwc(Ui femur and tibia. 

12 Left first leg of male; feruur aiid tibia nncUviifed as in figure 10, but rather 
liroiuler than normal; tibia ending in two tarsi, the outer duplex, and ap]>arently 
twisted througli 1S0°, so that t.lie coinl) is below; inner hraneli a left witli 10 teeth: 
.symimdry of outer duplex branch uncertain. 

13 Left first l(‘g of male; tibia split at distal extremity, giving ri.se to ail inner 
single bramdi (a left ) with 12 teeth and 2 claws anil an outer branch with a large 
si'giiKUd containing a comb of 21 ti'efh, which is probably eipuN ilent to a right and 
a l(dt, and ending in two l)raTiclie.s of four segments each. Duter tertiary branch 
a hO't with 2 claw.s, inner a right, also with 2 claws. Symmetry L; R. 

Id b(dt first leg of female from lateral ventral view; coxa naluced, trochanter 
not l isible; IVmur duplex, of \'cry abnormal sh.a])e, and ending in one normal 
tibia and tarsus (hdt ) and one abnormal tibia. ap])arently fused ivitli the femur. 
IxMit upon its{‘!f. and ending in a right tarsus. Symmetry L, U(V). 

l.j Limt pair of legs of male: tibia of right leg split as in figure 11, to which it 
is similar; oul<‘r branch from tibia (a right j with 13 teeth and 2 (daws; inner branch 
with two coin})s of 17 and Id tccdli res])f'cti\(dy ; inner branch bifurcates at .second 
tars; 1 si'gment and ends in two tcu tiary branelics with two claws each. Symmetry 
K; L, R. Kcnuirofleft leg gives rise to a left normal leg with 12 teeth and 2 elaws, 
‘but h:is also a small, iiiconiphue and duiilex braneh. JL'anch has two groups of 10 
and 11 teeth on its first segnumt ; tibia of branch may be fused with this segment, 
or may be la'pia'sented by the (delation on the f(unur from wliich the branch 
arises. Symmetry L, R; Ij. See also figure 31, which is right third leg of same 
fly. 

Ifi Right first leg of male; coxa oMulapped by tlionude plates, usually not 
rejiia'sented; femur has a branch from its proximal end, but otherwise give.s rise 
to a normal right leg, ivitlj 11 teeth and 2 claws. Branch from femur ends in a 
short tibia and tarsus, tiie last segment of which is bifureated; tarsus of branch 
has A double comb of fi and 5) teeth and each of end segmenls has a pair of claws. 
Double comb and claw? are lefts and rights. Symmetry K, L, R. Left tiiird 
of same fly missing. 

17 Right first leg of male; femur, ending in a normal tibia and also with a 
branch frrmi the posterior surface; normal tibia ends in two tarsi; an outer left 
^vith 8 teeth and claws missing, and an inner right with 12 teeth and 2 claws; 
branch from femur undivided, but with a double scx-comb of 10 and 9 teeth, 
Avhioh are left and right respectiioly. Symmetry L, H; L, R. 
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KXn.AXATlOX OF FlGl'KE.S 

IS Kiylit first leg of male; trochanter indefinite, femur ending in a normal 
right tibia and tarsus, but with a large iluplex branch from its proximal end; 
norma! tarsus with 12 teeth and 2 claws: outer branch a left with 7 teeth and 2 
( laws, and with tibia probably fused with femur; inner branch a right with 10 
teeth and 2 claws. The main axis of the inner branch is in a more xentral plane 
than that of the outer. S\unmotry K; L, R. 

19 First pair of legs of female, ( ornpletely fused with ea(“h other ; two separate 
coxae, trochanters scarcely visible; femora of two sides completely fused with 
the exception of outer femur of right leg. which is capable of separate motion. 
Ritjht leg with duplex femur, and 2 tibiae and tarsi; outer femur, tibia and tarsus 
are tluise of normal right leg with two claws; inner femur of abnormal size, tibia 
bent upon itself, and produced into a normal left tarsus with two claws. Left leg 
with two eoiitpletedy fum'd femora of abnormal size; inner femur ends in a single 
tibia with two tarsi, the inner of whicli is a left with two claws, the outer incom- 
plete; oulnr femur end.s in three tibia which are left, right (?) and left respectively; 
each of these tar.si has two claws. Symntetry of double leg K, L : R, X; L, R?, L. 

20 Jlight first leg of female; single coxa, trochanter not visible; two femora, 
absolutely fii.sed, aiul prolonged in opposite directions. Ouler femur ends in a 
normal right tibia and tarsus, with two claws; iriner femur ends in a bent left 
tibia and a thickened tarsus with two claws. Symmetry, K, L. See also figure 
.7, which is left first leg of same fly. 

21 Left first leg of male; trochanter small, femur bifurcated .at its proximal 
end. Outer part of femur ends in a normal left tibia and tarsus with 11 teeth and 
2 claws; inner part of femur is produced into 2 small tibiae, an inner undivided 
right, the tarsus of wliich has 29 teeth and 2 claws, and an outer, wliicli ends in a 
proximal tarsal segment with 32 (?) teeth, h'romthis segment arise two brandies, 
the outer incoiii])lcte and again br;mclH“d, the Inner with 4 sc'gmenls and 1 claw. 
Symmetry R : X; Y, Z. L. 

22 Left first leg of male; coxa and trochanter single, two distinct femora from 
trochanter; outer a left witli normal tibia and tarsus, latter having 11 teeth and 2 
claws; inner a right, short and broad, with small tibia, and incomplete tarsus 
having 10 teeth. Symmetry R, L. 

23 Right first leg of male; trochanter ('ti larged, and giving rise fo two femora; 
outer femur normal and produced into normal tibia and tarsus with 11 teeth and 
2 daws; inner femur and tibia short and broad and not bent upon each other; 
proximal segment of tarsus of inner part bearing two groups of 1,3 and 9 teeth 
respectively. This segment ends in 2 small branches, apparently of 2 segments 
and 1 daw each; outer claw and comb are rights, inner lefts. Symmetry R: Tj, R. 

24 Left first leg of male; coxa double. This specimen had thus two left first 
legs almost separate from their bases; outer leg with no visible trochanter, and 
having an enlarged femur ending in two tibia; outer tibia of outer leg normal, 
ending in normal left tarsus with 12 teeth and 2 claws; inner tibia of outer leg 
bent upon itself and ending in nearly normal right tarsus with 11 teeth and 2 
daws; inner leg with distinct trochanter, left femur and tibia, and incoraplede 
tarsus, t'iyiumetry L; R, L. 

25 First pair of legs completely fused, from very abnormal fly, raised at low 
temperature. Coxae and trochanters may be represented by part above the fused 
segment, which stands for femora and tibiae. Two normal tarsi, a right with 11 
teeth and 2 claws, and a left with 11 teeth and 2 daws, proceed from the long fused 
segment. All other leg.s of thi.s fly were either abnormal or broken olT. 




Vl.xm 4 

EXPLAXATIUX OF FIGURES, 

26 Kight first of male fly raised at low teiripoi-ature; coxa and trochantei 
indistinct, fennir short and thick, tibia bent; tarsus without extra segments but 
with thr('X! discontinuous combs linearly ari’angcd and having 4, o and 6 tooth 
respect ivoly. 1 light first of same fly bifurcated. 

27 JiOft first log of male fly raised at low temperature; coxa and trochanter 
indistinct; femur and tibia short and thick; no extra parts. Other logs of same 
fly almornrival. 

2S Left first leg of male fly raised at low temperature; coxa and trochanter 
in<iefinitc, bunnr short and round, tibia short, lower part of leg probably broken 
olT. Other h'gs of same fly were broken. 

2t) lliglit second leg of wild male, showing same parts present in first leg of 
wild fly, hut without sex-eoinb in the tarsus (eompare figure 1). The seconfl leg 
of a norinal male is identical to that of a normal female. 

110 Left second leg of male; eoxa distinct, trochanter partly divided, each of 
two parts giving rise Ic a femur; outer femur normal, ending in normal left leg 
with 2 claws; inner femur shorter, ending in a bent right tibia with thickened 
tarsus having 2 claws. Symmetry li, L. 

31 Left second log of male; tibia thick and bifureato<l at its distal end, from 
which proceed 2 tarsi; outer tarsus a normal left with 2 claws; inner farsus with 
single proximal segment which Infurcates into two branches of 1 segments each, 
the outer a. riglit with 2 claws, the inner a left with 2 claws. Symmetry L, R; L. 

32 Left third leg of male, wdlli all parts abnormally formed, and relation of 
proximal segments indefinite; left first of same fly broken. 

33 Right third leg of wild male, also without sex-comb. 
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PLATE y 

EXPI.AXATTOX OF FIOFRES 

‘M Left third of male; fir.st tarsal segment enlargtMl and giving rise to 
two branehes, outer with 4 segments and inner incomplete, and claws of both 
missing. Sec' also figure lo, which is first pair of legs of same male. 

llight third leg of female; lower part of tibia bifurcated, giving rise to two 
coinj)lct(‘ tarsi with indefinite symmetry. Inner tar.sus with two claws. See 
also figure 3, which is left first of same fcanale. 

3(i Stimi]) of right third broken leg of mule raiseil at reduced temperature; 
figure shows al)normal shape and size of basal parts; distal parts broken off. 
See also figure 27, which is left first of same fly. 

37 Left third leg of male; femur ending in normal left leg wdth two claws, and 
also lia\ing a large branch fi‘om its posterior surface; tibia of branch short and 
giving rise to tarsus, which has two pair of claws, a left ami a right respectively, 
on the most distal of its five segments. Symmetry 1., R: L. See also figure 8, 
wliich is light first of same fly. 

38 Left third leg of female: coxa and trochanter single, latter giving rise to 
two femora; outer femur a left, produced into normal tibia and tarsus with 2 claws; 
iniKM" femur a right, produced into a short tibia which emls in a thickened tarsus 
with 2 claws. Symmetry R. L, 
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AN EXPERIMENTAL STUDY IN CLEAVAGE 


THEOPHIU’S S. PAINTER 


(Instructor in the Sheffield Scientijic School, Yale Uriiversity) 
From the Zoological histitnfe, Wurzburg 

FIFTY FIGURES (THREE PLATES) 


If the eggs of sea-urchins are shaken violently a few minutes 
after fertilization (from 4 to 7 minutes is the most favorable 
time) in a varying proportion of cases the centrosoine will fail 
to divide and eggs with only one division center are obtained. 
A brief description of these monaster eggs was given by Boveri 
(’03) and later by M. Boveri (’03) but up to the present time 
no work has appeared which dealt in detail with this interesting 
phenomenon. At the suggestion of Professor Boveri, I took up 
an experimental and cytological study of monaster eggs in order 
to gain more light on the mechanics of cell division. 

The cytological part of the work involves so many special 
questions that it seems wiser to reserve it for a separate paper. 
The present study deals with the cleavage of the monaster eggs 
and with some experiments which were made in order to gain 
light on the processes concerned. On the basis of these experi-. 
ments the conclusion seems warranted that ai the tme of fertili- 
zation progressive changes^ which go on independeyitly of the nu- 
cletts and of cleavage^ are initiated in the cytoplasm of the eggs and 
that these changes deierinine the posiimi of the spindles in the egg 
and consequently in its hlastomeres. 

The experimental work was done in the Zoological Station 
at Naples, during the spring of 1914, while I was occupying 
the Smithsonian table there. To both of these institutions my^ 
thanks are due. Especially to Professor Boveri, however, 
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wish to express my appreciation both for suggesting the problem 
and for advice given during the course of its completion.*- ^ 

For the sake of clearness, it will be necessaty to ^ve a brief 
account of the changes going on in the monaster eggs prior to 
their cleavage. After the eggs have been fertilized and shaken, 
they are put into a glass dish with normal sea lyater and left 
undisturbed until signs of division appear. When the two 
asters show in a majority of the eggs, in i^erfectly normal 
manner, a certain proportion of the eggs will be found with only 
one sphere. This is very large (much larger, in fact, than the 
single aster of the normal eggs) and lies in the center of the egg. 
Sections show that the chromosomes are attached to this single 
sphere oif one side, by means of the fibers which radiate out from 
it (fig. 1). The condition, shown in the figure, persists for a 
variable length of time, but usually when the first division begins 
in the normal eggs the chromosomes split and slowly separate. 
Following this the aster becomes flattened and concave on the 
side next to the chromosomes and it moves towards the surface 
of the egg, the convex side forward. This retreat of the aster is 
slow and as it takes place the chromosomes form their vesicles 
and fuse to form one nucleus with, of course, the double number 
of chromosomes. While these processes are taking place within 
the egg, on the side opposite that towards which the aster is 
retreating, the protoplasm begins to undergo a series of move- 
ments when blunt pseudopod-like processes are thrown out 
(fig. 2). The intensity of the movement is variable in different 
eggs, but occasionally it may lead to the complete cutting off of 
protoplasmic balls, and these may remain separated from the egg 
permanently (fig. 16). The length of time this movement con- 
tinues also is variable, but as the astral radiations begin to 
disappear, the pseudopod-like processes are withdrawn and Ihe 
egg assumes its normal rounded form. 

Not all monaster eggs pass through the changes described 
above. In any given experiment, one usually finds a small 

^ Although the present work was done while I was working with Professor 
Boveri, the paper was not written until my return to America. It has been 
impossible to submit this manuscript for his approval, before it goes to press. 
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number of eggs in which the monaster condition shifts very 
quickly -to the amphiaster and the egg divides normally tliough 
a trifle behind the controls. The cytological details of this have 
been followed and will be given in a later paper. . 

The monaster eggs, after they have assumed their normal 
rounded form, following the protoplasmic movements, show a 
marked difference in their behavior and we may distinguish 
three general cla;|ps: (a) In part of the eggs, at the next division 
cycle, a monaster reappears and the egg goes through tlie same 
process as before, except that the protoplasmic mcvement at , 
this time is usually much more severe; (b) In other eggs the 
monaster condition goes over into a triaster or tetraster con- 
dition with the subsequent abnormal development chaise teristic 
of these eggs; (c) Finally, and this class includes the majority 
of the eggs, at the next division cycle, an amphiaster is formed 
and the eggs divide giving rise, in many cases, to perfectly normal 
glutei. It is the cleavage of this last type of monaster egg which 
we propose to take up in the present study. 

Boveri, in his first paper on this subject, describes very briefly 
the cleavage of these monaster eggs. He- found a wide departure 
from the normal type, the clearest cases being those in which 
the eggs cleaved like J-blastonieres, that is;- with the production 
of the micromere in the 4-cell stage, 

Boveri’s shaking experiments were repeated a number of times 
and large numbers of monaster eggs were isolated and followed 
through their cleavage. There was a great variation in the time 
at which the monaster eggs recovered and went over into the 
amphiaster, as well as in the cleavage itself. As shown below, 
however, I found that there was a correlation between the time 
when the monaster eggs divided, as compared with the control 
eggs, and the type of cleavage which they showed, lhat is, 
eggs dividing at the same time, with reference to the controls, 
showed the same type of cleavage although the experiment was 
made on different females and at different times. The variation 
in the times when the monaster eggs would divide ranged from 
the telophase of the first division to the 16-cell stage of the 
controls. 
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CLEAVAGE OF MONASTER EGGS 

Taking up first the class of monaster eggs which shifted very 
quickly over into the amphiaster condition, , I found that the 
cleavage was perfectly normal in every detail and such eggs 
could not be distinguished from the controls except when they 
were isolated at an early stage. It is worth while to mention 
here also that these eggs did not pass through a period of pro- 
toplasmic movement and that the normal numhlr of chromosomes 
was present in the blastomeres of the 2-cell stage. 

The division of the monaster eggs which had passed through 
a period of protoplasmic movement, on the other hand, was never 
normal. 

The first division took place very slowly and there was always 
a more or less intense protoplasmic movement in the division 
plane with the temporary formation of finger-like processes, as 
shown in figure 3, Occasionally, and this seems to be associated 
with an excentric position of the spindle, large masses of proto-, 
plasm would be cut off from the egg and when the separation of 
the two blastomeres finally took place, this protoplasmic ball 
remained permanently detached (fig. 4). This demonstrates the 
necessity of following the eggs individually through cleavage, 
for in later stages this enucleated mass was not to be dintin- 
guished from a small blastomere unless the previous history of 
the egg was known. The result of the first division was two 
blastomeres of unequal size (fig. 5). The controls were usually 
ill the late 4-cell stage at this time. 

The second division of the monaster eggs was again accom- 
panied by protoplasmic streamings in the division plane of the 
blastomeres, but ultimate separation took place and after round- 
ing up four cells, two of which were larger than the others, were 
found (fig. 6) . The controls were either in the late 8-cell or the 
early 16-cell stage at this time. 

The third division was variable; the spindles of the blastomeres 
showed no constant relation to one another, as they do in the 
‘normal eggs, and thC' result was an irregular mass of cells, as shown 
in figures 7 to 13. We find the blastomeres of this 8-cell stage 
in one of three conditions. Either there are twm very small 
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cells which have been given off by the larger blasto\neros of tlie 
4-cell stage (figs. 7-9) or we fintl only one of these small cells 
(fi^. 10-11), or the four blastomeros ha\'e dh'idcd more or less 
equally with the formation of four large and four small cells 
(figs. 12-13), In figure 12, this size rcMtiou is not so clear. 
By the time these monaster eggs had readied the 8-cell stage the 
controls were in the 16- or 32-cell stages. 

The 16-cell st^ of the monaster eggs was invariably a simple 
splitting of the blastorneres of the 8-cell stage. AVhen two small 
cells were present in the earlier stage (as will be shown later these 
cells are to be considered as micromeres) we find four of them in 
the 16-ceIl stage. If only one small ceil was present in the 8- 
celi stage, then two were to be found in the next division, and no 
new micromeres were given off. In the event that tliere were no 
micromeres in the 8-cell stage, the later division was an equational 
one, in all the cases that I followed. However, my observations 
on such eggs are not sufficiently extended to allow mo to state that 
the micromere formation is invariably suppressed. 

Boveri describes cases where he obtained the production of a 
micromere in the 4-cell stage. This is figured in a later paper, 
(Boveri HO). I did not find any such eggs in the course of my 
experiments at Naples during the past spring, although, as will 
be shown in the latter part of this paper, .such eggs may be pro- 
duced at will by the use of suitable narcotics. 

In the same female one usually finds the same type of cleavage 
as regards the early production of one or two micromeres. In the 
majority of these experiments carried on at Naples, only one 
micromere was formed in the 8-cell stage. 

From monaster eggs perfectly normal plutei may be obtained, 
although comparatively few^ embryos reach this late stage of 
development. 

.After it was found that the micromeres could be produced 
early, it became a point of great interest to know how the cleavage 
planes of the blastorneres behaved with regard to the original 
polarity of the egg. Boveri (Tl) has shown that the pigment 
ring, in the eggs of Strongylocentrotns lividus, marks out the 
original axis of the egg. In his paper dealing with the monaster 
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eggs, already referred to, he states that in all of the cases followed 
by him, the aster retreated in the original axis of the egg. 

In order to settle this point, a female was selected whose e^s 
showed the ring very clearly, arid after shaking, a number of 
monaster eggs were f611owed individually. I could not convince 
myself, however, that there was any constancy in the behavior 
of the eggs in this regard. I found cases where the aster had 
retreated in the plane of the egg, as shown in €gure 14, but just 
as many cases were noted where it had moved in a plane at right 
angles to this (fig. 15) or in a plane forming an ‘acute angle with 
the original axis of the egg, as this is marked out by the pigment 
ring. It was necessary to follow the course of the aster at this 
early time, for after the protoplasmic movement has set in, the 
pigment ring is scattered and it is not possible to tell later, just 
where it lay. In the cases followed the amphiaster took up a 
position at right angles to the plane in which the monaster had 
retreated and this would indicate that the division of the egg was 
independent of the polarity which the egg undoubtedly possesses. 

The cleavage of the monaster egg is most strikingly different 
from that of the normal in the production of the micromere in 
the 4- or 8-cell stage. In order to explain these results, Boveri 
(’05) advanced the suggestion, that at the time of fertilization 
changes were initiated in the cytoplasm which went forward 
independently of the nucleus and that these changes controlled 
the position of the spindles in cleavage. He says: 

Diese Tatsachen lehren (he is speaking of the early formation of the 
micromercs in the monaster eggs) wie nebenbei bemerkt sein mag, 
dass die typische Aufeinanderfolge von Spindelstellungen und damit 
von Teilungsebenen iiicht in einer dauernden festen Eistruktur i^e- 
griindet ist, sondem dass die Konstitution des Eies wahrend der Ent- 
wickelung und infolge Einleitung der Entwickelungsprozesse bestimmt 
gerichtete Veranderungen erfahrt, welche der Reihe nach verschiedene 
gegenseitige Lagerung der Teilungszentrum bewirken. Es gibt bei 
dieser Umwandlung der Eistruktur eine Periode, wahrend deren die 
Spindeln in der aquatorial Ebene (karyokinetischen Ebene) des Eies 
liegen, dann eine solche, wo sie zu dieser senkrecht stehen u. s. w. 
Wild, wie es im Monasterei der Fall ist, die Entwickelung, d. h. der 
Ablauf der karyokinetischen Vorgange eingeleitet, ohne dass es zunachst 
zu einer Vermehrung des einfachen Zentruras und damit zur Kem- 
und Zellteilung kommt, so wird die erste Periode der horizontalen 
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Spindelstdlungen zum Teil oder ganz dbersprungen und das Ei ist, wenn 
es nun die Tejlung beginnt, so verandert, dass es der iiornuilen ^-oder 
J-BIastomere enlspricht und sich wic diese furcht. Zellen-Studien V., 

^^. 17 . 

' TJie cleavage of the monaster eggs followed in the present 
study was in entire accord with the explanation advanced by 
Boveri, but a second possibility was not excluded. In the eggs 
which passed through the monaster cycle before they divided, 
tuyere had been a doubling of the number of chromosomes so that 
in the 2-cell stage we had the chromosome complex of the 4-ceIl 
stage; and similarly, in the 8-cell stage the chromosome complex 
of the 16-cell stage. It seemed just as possible that the j)resence 
of , the chromosome complex of the later stages might have some 
effect in the production of the micromere. 

In order to clear up the question, a series of experiments were 
begun, the object of which ,was to retard or inhibit nuclear 
activity after fertilization for a varying length of time in order 
to See if the micrOmeres were produced early. For this purpose 
three methods were employed, cold, lack of oxygen, and certain 
narcotics. The method of experimentation was the same in 
every case. After fertilization the eggs of Strongylocentrotus 
were divided into two lots. One portion was allowed to develop 
normally,, while the other was subjected to experiment. When- 
ever it seemed advisable, individual eggs were isolated and 
followed. 

EXPERIMENTS WITH COLD 

After membrane formation, a portion of the fertilized eggs 
was placed in a dish surrounded by ice and allowed to remain there 
while the controls passed through the first and second divisions. 
The temperature at which the eggs were kept was about 2°C. 
When the controls were in the 4-ccll stage the treated eggs were 
brought to the room temperature and allowed to divide. The 
cleavage of these eggs was perfectly normal and the micromeres 
were not formed until the 16-cell stage, although, by this time the 
controls were young blastulae. The experiment was repeated 
several times on the eggs of different females with the same 
result in every case. 
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EXPERIMENTS WITH LACK OF OXYGEN 

Loeb, in a large number of works, has shown that the addition 
of a small amount of potassium cyanide to sea water totally' 
inhibits oxidation in the eggs of sea-urchins without causing any 
injury, provided the eggs are not exposed too long to its action. 
Since this afforded the simplest method of depriving the eggs of 
oxygen, it was employed in the following experiments. A por- 
tion of eggs were placed in a 0.0025 per cent KCN solution in 
sea water. When the control eggs were in the 4-cell stage, the 
treated eggs were removed from the solution,' washed free from 
the KGN in fresh sea water and allowed to develop. In such 
cases the cleavage* was perfectly normal and the micromeres 
did not appear until the 16-cell stage. This experiment was 
repeated a number of times. 

EXPERIMENTS WITH NARCOTICS 

The first narcotic used was chloral hydrate. The eggs were 
placed in a very weak solution of this drug, shortly after fertili- 
zation and were not removed until the controls were in the 4-celi 
stage. When released, the treated eggs gave a few cases where 
the micromeres appeared early, that is, in the 8-cell stage. This 
narcotic was quickly discarded for phenyl urethane, which, as 
Warburg (T1 a, Tib) has shown by a careful series of measure- 
ments, does not materially retard the cytoplasmic oxidation, 
while it almost inhibits nuclear-division. Loeb and Wasteneys 
(T3) have shown the same to be true for chloral hydrate and a 
number of other narcotics. 

Various strengths of the plienyl urethane solution were used 
ranging from 1/2,000N. to 1/500N. xUier a few experiments, 
the weaker solution was used altogether because the cytoplasmic 
oxidation was less affected by this, and furthermore, in many 
females, the stronger solutions tended to produce cytasters in 
the eggs when they were transferred to normal sea water. In 
the experiments here recorded, the eggs were placed in the phenyl 
urethane solution thirty minutes after fertilization. At this time 
the spindle was usually fonned. 



STUDY IN CLEAVAGE 


307 


The weak solution of the narcotic did not totall>' inhibit 
nuclear division. Some eggs were more affected than othem so 
that when they were finally washed free from the narcotic (the 
controls were in the 4~cell stage), part of the eggs showed two 
nuclei (fig. 17) while in others the first division luoohanism (aster, 
etc.) was still present. From the former eggs 'pseiulotetrasters’* 
were formed and a division into 4-cclls took place (iig. 19). In 
the latter case, the eggs divided into 2 cells. Not ail the eggs 
treated with phenyl urethane reacted in the same way, there 
was always a varying proportion wliich formed tetrasters, tri- 
asters, or monasters but as a rule these abnormal eggs were in the 
minority. Different females showed marked variation in this 
regard. 

The results of March 7 may be taken as typical for the. experi- 
ments with phenyl urethane. 

On March 7, half-an-hour after fertilization, the eggs of a 
female were divided into two portions, one of which was placed 
in a 1/2,000N. solution of phenyl urctliane, in sea water (this 
is about a 0,008 per cent solution). 'W'lien the control eggs were 
dividing into 4 cells, the treated eggs were washed free froju 
the narcotic by changing the water six times. Of course the 
eggs were allowed to remain in each change of water until they 
had settled. 

In the treated eggs about an ecpial number divided into 2 
and 4 cells, in the latter case through the formation of pseudo- 
tetrasters.® Perhaps 10 per cent of the eggs did not develop at 
all or formed monasters, triasters, etc. 

A large number of both the 2- and 4-cell stages were isolated 
and followed individually. 


^ The term 'pseudoletraater' is the same as used Ijy U ilson f’OI) for two spin- 
dles in the same egg wliich are independent of cacii other. In such cases tlic two 
amphiasters are not connected by in an tie fibers. 

VMiile working in Naples, I was led to believe tliut real tetrasters were not 
formed as a rule in the eggs of Strongylocentrutus, after treatment with phenyl 
urethane. Since returning to Amcrien, 1 have roiicaled these experiments on tlic 
eggs of Arbacia, and sections from this siieoics siiow that real tetrasters are mucli 
commoner than was thought. I cannot state what proportion of the eggs of 
Strongylocentrotus formed real tetrasters. 
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In figures 20 to 28 the cleavage of three typical eggs is given, 
eggs which had divided into 2 cells after treatment with phenyl 
urethane. At the time of the first division, it should be empha- 
sized, that the control eggs were in the 8-cell stage. The treated 
eggs divided into two blastomeres of unequal size, as may be 
seen from a comparison of figures 20, 23 and 26. This inequality 
in the relative size of blastomeres was very constant, although 
the proportions varied. 

When the controls were in the 16-ceU stage, with a few eggs in 
the 32-cell stage, the treated eggs divided again to form a 4-cell 
stage (figs. 21, 24, 27). An inspection of these figures will show 
that one very small cell was given off from the larger blastomere; 
this is most striking in the cases shown in figures 24 and 27. 

In the next division of the eggs, there was a simple splitting 
of the pre-existing blastomeres, so that in the 8-cell stage there 
were two micromeres, four mesomeres and two macromeres 
present, as shown in figures 22, 25 and 28. 

In the 16-cell stage of the treated eggs, there was again a 
simple splitting of the blastomeres of the 8-ceU stage, no new 
micromeres being formed. 

In the experiments of March 7 a large number of the eggs in 
the 2-cell stage were isolated after treatment with the narcotic 
and only rarely did the micromere fail to appear in the 4-cell 
stage, as described above. In these rare cases, one or two small 
cells would appear in the 8-cell stage, as is shown in figures 29 to 31. 

In figures 32 to 34 is given a very interesting case where two 
micromeres were produced at the 4-eell stage. I have found only 
one case of this sort. 

The cleavage of the treated eggs which divided directly into 
4 cells is given in figures 35 to 41,. As in the case of the eggs of 
the 2'Cell class, a large number of these were isolated and fol- 
lowed individually. 

After division has taken place and the blastomeres have 
rounded up, one usually finds that two of the blastomeres are 
larger than their mates (figs. 35, 37, 39). This is nearly always 
the case, although here and there eggs appear in which one 
blastomere is small, two are medium-sized and one is large. The 
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cleavage of both types of eggs is the same. As was the case 
witii the first type of treated egg, the controls were in the 8-cell 
stage at the time the pseudotetrasters divided. 

When the controls were in the 16- to 32-cel] stages, the treated 
eggss divided agam,' forming, of course, 8 cells (figs. 36, 38, 40), 

In the 16-cell stage, there were two microineres, eight meso- 
meres and six macromeres present, showing that a simple split- 
ting of the biastomeres of the 8-ceII stage had taken place. There 
was always some difficulty in distinguishing what cells were macro- 
meres and what mesomeres, as the sizes of these two types of 
cells varied, but the micromeres were easy to see. 

In figures 39 to 41 is given the cleavage of a pseudotetraster 
egg/ treated in the way described with phenyl urethane. It may 
be taken as typical of the experiments carried on March 9. I 
may add that these experiments with narcotics were repeated a 
great number of times while I was in Naples and I never failed 
to get the early production of the micromeres, in at least a small 
percentage of the eggs. In the most favorable case, I got 96 
per cent of the treated eggs in the 8-cell stage showing one or 
two micromeres.^ 

In all of the experiments eggs were obtained which did not 
divide until very late, after they had been washed free from 
the narcotic. The first division of such eggs is shown in figures 
42 and 43, The later cleavage of these eggs was totally abnormal, 
but since the small cell appeared after the controls were in the 
16-cell stage, think I we are reasonably safe in regarding it as 
a micromere. 

Eggs treated with phenyl urethane may give rise to free swim- 
ming gastrulae but I did not attempt to rear them farther than 
this. 

An attempt was made to determine the position which the 
spindles of the treated eggs took when they divided. Here again 
iiie same difficulty was encountered that was found in the mon- 
aster eggs. During the cleavage process the pigment band was 

* 1 have repeated these experiments at W oods Hole on the eggs of Arbaeia and 
have obtained the early production of the micromeres. However, this materia) 
U not as favorable for study as the species used in Naples. 
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almost invariably so Scattered that after, the blastomeres had 
rounded up, one could not determine with certainty just where 
it lay. A study of a limited number of cases, where the scatter- 
ing of the pigment was not so pronounced, is given below. 

In the eggs which divided into 2 cells after treatment with the 
narcotic, the majority divided approximately meridionally, as 
shown in figure 44, but quite a number of cases were noted where 
the axis was nearly horizontal, or lay in a plane between the two 
(fig. 45). The position of the spindle did not seem to affect the 
production of the micromere, as the latter always came from the 
larger blastomere. 

In the pseudo tetraster eggs I was unable to establish any defi- 
nite relation between the cleavage planes and the original axis 
of the egg, as this is shown by the pigment ring. Even when the 
eggs were first removed from the narcotic, the position of the 
nuclei or of the spheres was variable; quite frequently a' line 
connecting the two would stand nearly at right angles to the pig- 
ment ring (fig. 46) . After division the four blastomeres lay at any 
plane with relation to the pigment ring, as may be seen by com- 
paring figures 47 to 50. In figure 47 two larger and one smaller 
cells contain this band; in figure 48 only the two large blastomeres 
have it; in figure 49 the two smaller and one larger blastomere 
possess it, while in figure 50 all the cells show pigment. 

By the time the micromeres are formed, the pigment band 
is so scattered that it is impossible to determine from what 
region of the egg they came. However, no matter how much 
■pigment the cell from which they came possessed, the micromeres 
never contained any trace of the pigment band. 

DISCUSSION 

A closer examination of the observations recorded above 
brings out several points of interest. In the normal sea-urchin's 
egg the micromeres do not appear until the 16-ccll stage, but, as 
we have seen, these small cells may be thrown in the 4- or 8-cell 
stages if the egg has passed through. a monaster cycle or has 
been treated' with certain narcotics, such as chloral hydrate or 
phenyl urethane. The question arises: Is the formation of the 
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miCTomere due to the same cause in every case, and, if so, what 
is this common cause? 

Obviously, the cleavage process itself has notliing to do with 
the micromere formation, since the latter may appear in the 
2-y 4-, or §-cell stage. 

It is also quite clear that the nucleus with its chromosomes 
can play no direct part here. In the case of the monaster this 
factor could not be eliminated entirely. But in the eggs treated 
with phenyl urethane the case was quite otherwise. Tliis nar- 
cotic inhibited nuclear division and we obtained eggs in which 
the micromere appeared in the 2-, 4- or 8-cell stages. In all 
these cases, the nuclear division had simply been held back, and 
when the micromeres. were in the 2- or 4-cell stage, the normal 
chromatin complex of these two stages was present. 

With the elimination of the cleavage process, and of any 
part which the chromosomes inight play in the production of the 
micromeres, we are brought to the conclusion that the factoi-s 
which control the production of these small cells lie in tlie cyto- 
plasm, and the experiments recorded show that the process 
depends upon cytoplasmic oxidation. 

When eggs were fertilized and subjected to a low temjieraiuro 
for a short length of lime, it was to be expected that on the 
restoration of normal conditions they would di\a(lo noi-mally, 
because it is well known that a lowei'ing of temperatur*e retards 
the rate of oxidation in animal cells. I have found no record of 
measurements of the oxidation rate in Strongylocentroius eggs 
at 2°C., but Loeb and Wastoneys (Ml) showed that it took the, 
eggs of Arbacia 498 minutes to cleave when the temperature was 
7°C., and it seems probable that at the oxidation rate would 
be practically nil Hence, in our eggs, oxidations and other 
activities were very much reduced, tlu^ eggs were fixed, a.s it were, 
in their development and the latter did nut make any appreciable 
progress until the temperature was raised; tlien the cleavage 
was normal. 

Potassium cyanide, while acting in an entirely different way, 
accomplished the same end result. This chemical reduced the 
rate of oxidation to zero by removing all free oxygen from the 
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solution in which the eggs were placed. Again the eggs were 
fixed in their development until normal conditions were restored. 
Then the cleavage was normal, the eggs taking up their develop- 
ment where it had been left off. 

In both of these cases the lowering of the oxidation rate resulted 
in a stopping of the development of the eggs. 

With the phenyl urethane, on the other hand, we have a sub- 
stance which allows us to differentiate between two processes' 
going on in the egg. This narcotic allows the cytoplaanaic 
oxidation to go on at a practically undiminished rate, while it 
greatly retards nuclear activity. Its action amounts to a holding 
still of the nucleus while the cytoplasm goes through its changes 
(oxidations). After the narcotic is washed out of the eggs, 
they divide; their cleavage is not normal, but is like that through 
which the control eggs are passing at the time.' And the micro- 
meres are formed at approximately the same time, it makes no 
difference, so far as I have been able to determine,, whether the 
treated eggs are in the 2-, 4- or 8-cell stage. 

Thus the conditions for the early production of the micromeres 
seem to be two. First, oxidation must go on in the cytoplasm, 
and, second, a certain time, must elapse after fertilization, a 
period extending from the time of fertilization to the 16-cell 
stage, as measured by the control eggs; these two conditions 
fulfilled, the micromeres appear. 

In tRe monaster eggs these two conditions are fulfilled, the 
nucleus is held up in its division for a time while the cytoplasm 
, goes through its changes. When the amphiaster finally appears, 
the division is controlled not by mechanical causes, such as we 
might imagine to be the case in the normal egg; but by the state 
of oxidation of the cytoplasm. 

It is a very remarkable fact that when we place the spindle of 
the first division in an egg which has gone through cytoplasmic 
oxidation that is, in the 16-cell phase, so to speak— it takes up a 
position which will give the micromere. No mechanical explan- 
ation will be of service here, the only conclusion left being that 
there is present in the egg a structure, invisible but nevertheless 
real, which controls the position of the spindle. And that this 
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structure is in some way connected with the oxidation processes 
going^on in tlie egg. ’ Conklin ('12) working on the eggs of mol- 
luscs, has cope to the conclusion tliat ‘‘The study of normal as 
well as of artificially altered clea^'age points unmistakably to 
the conclusion that the position and axis of each spindle is fixed 
by the structure of the cell protoplasm, and since the position and 
axis of the spindle change regularly in successive divisions this 
protoplasmic structure must change regularly in the successive 
cell generations’' (p. 8). 

There are several interesting questions which present them- 
selves with regard to the axes which the spindles of the monaster 
and phenyl’ urethane eggs took. Owing to the difficulties men- 
tioned, it Has been hard to get any. satisfactory observations 
covering these points. The little evidence which I have, however, 
points to the general conclusion that the eggs tend to take up 
positions similar to those of the normal eggs when they are 
released, either from the narcotic or from the monaster condition. 

Taking up the case of the eggs which divided into 2 cells after 
treatment with phenyl urethane, we must remember that when 
the eggs were placed in the solution the spindle was already 
formed. While in the narcotic, the nuclear division had ad- 
vanced to some extent, more in some eggs than in othei’s. When 
the narcotic was washed out, division followed more or less 
quickly. The control eggs were in the S-cell stage at this time, 
that is, the cytoplasm was in the equatorial division phask We 
should expect 'tef find then the phenyl urethane eggs dividing 
in such a way that the cleavage plane would be horizontal. 
As a matter of fact, an examination of the eggs showed that the 
plane of cleavage might cut the pigment band at any angle 
(figs. 44-45). The division was, however, unequal and the micro- 
mere in the next division was formed from only one blastomere, 
as a rule. This shows that, as far as the micromerc zone was 
concerned, the division was an equatorial one. Only in one 
case was the micromeral zone cut in two and here we got two 
micromeres in the 4-ceU stage, as shown in figures 32 to 34. 
Such cases were very rare. In those eggs which were on the 
point of division when the narcotic was washed out, the splitting 
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of the cytoplasm took place so soon that the centrosomes did 
not have time to shift their positions in order tq take up the 
position for the equatorial division. But there was enough 
shifting to throw the micromeral zone into one blastomere. In 
those eggs where division was more delayed, the centrosomes 
could shift their positions, more or less, and as a matter of fact, 
we found the division of such eggs taking place at all angles to 
the original axis of the egg. This explanation leaves only one 
point unaccounted for, the unequal division of the blastomeres. 
At this time I have no explanation to offer for this, unless it be 
due to the presence of more yolk or similar substances in the 
vegetative pole of the egg. 

In the monaster eggs the same explanation as offered above 
would hold. After the retreat of the aster to one side of the egg 
and the appearance of the amphiaster, the micromeral zone was 
not divided -in all cases and hence we get one or two micromeres 
in the 8-cell stage. When two micromeres appeared, as in figures 
7, 8 and 9, we may infer that the micromeral zone was divided 
in two. When only one micromere appeared, we may conclude 
that the first division was not meridional and so the micromeral 
substance went to one blastomere. 

In the case of the pseudotetraster eggs which were obtained 
from the phenyl urethane experiment, it seems that we have a 
second factor entering here, a factor which tends to obscure the 
tendency of the spindles to take up their position with regard to 
the stage of the cytoplasm. If we were to imagine the egg as horn o- 
, geneous and were to place two spindles in it, then we should expect 
that these would stand at right angles to each other, since it is only 
in this position that the four asters exert their maximum influence. 
This is the position of the two spindles found in the pseudotetraster 
eggs and is explicable on the assumption that if a structure was 
present in the egg protoplasm at this time (the controls were in 
the 8-cell stage) it was not sufficiently impressed or not strong 
enough to keep the asters from taking a position where they would 
exert their maximum influence. As a result, we find the pig- 
ment band cut at all possible angles, as shown in figures 47 to 50. 
In the following division, the micromere appeared from the 
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blastomere which contained the micromeral zone. Again, it 
is worthy of note that these small cells ahvays came from one of 
the large blastomeres. 

In such cases as shown in figuies 12 and 13, we failed to get 
the appearance of the micromere in tlie 8-cell stage, although 
the controls were in or past the 16-ceIl stage; nor did tliese smalj 
bodies appear in the lO-cell stage of the treated eggs. Here, 
apparently, there has been a suppression of the micromeres. 
The cause of this is not known, but it might be that tlie micro- 
mere formation phase of the cytoplasm, lasts onl}' for a short 
time and that once it is passed over, they never form again. 
The development of the normal egg would seem to lend su[)port 
to this idea. 

What is the evidence that the small cells which appeared in 
these experiments are true micromeres? The most convincing 
point is the fact that the small cells \i\ the treated eggs appear 
simultaneously with the appearance of the micromere.s in the Id- 
ccll stage of the controls. This (‘(hiicideuc(^ of apjiearance lias 
been sufficiently emphasised in the present jiaper. The fiirtlier 
fact that once these small cells have appeared early no more 
micromeres are formed, is additional evidence of their nature. 
A third point, of lesser importance, perhaps, is that these small 
cells never contain pigment. These three reasons are .suffi(U(ait 
to prove that the small cells produced early are true micromen^s. 

From the standpoint of embryology, the experiments recorded 
a^ve are of considerable interest. The question has often been 
asked, does differentiation depend upon the nucleus or upon the 
cleavage process? As Morgan (TO) expresses it, '‘Do the pro- 
gressive stages in the direction of specification take place during 
cleavage, or is the specificatioii a process that is independent of 
the cleavage process? At the present time this is one of the most 
vital questions of experimental zoology (p. 217). 

The 16-cell stage in the normal sea-urcliin egg is a differential 
cleavage, in the sense that at this time organ-forming substances 
are separated. The fact that after the removal of the micro- 
meres the egg develops normally no more disproves that these 
were differentiated, than the fact that when the tentacular 
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region of hydra is cut off a new one growg out, disproves that the 
region was not differentiated, as Morgan (’96) has pointed out. 
Since the micromeres, as I have shown, may be formed at any 
time in the cleavage up to the 16-cell stage, it is evident that the 
process of differentiation, at least as far as the formation of, the 
ijucromeres is concerned in the sea-urchin egg, is wholly a cyto; 
plasmic affair and has nothing to do with cleavage or directly 
with the nucleus. 

From the standpoint of the mechanics of cell-division, the 
present work shows that other factors are at work in the egg 
besides simple mechanical causes; that there is in the egg an 
invisible structure which seems to undergo changes and that 
these changes control the positions which the spindles will take 
in the egg and in its blastomeres. 

SUMMARY 

1. Monaster eggs, produced by shaking the eggs of Strongylo- 
centrotus, were isolated and followed through cleavage. 

2, At the time when the control eggs were in the 16-cell stage, 
one or more small cells appeared in the cleaving monaster eggs. 
The latter were usually in the 8-cell stage at this time.‘ 

,3. In order to determine the cause of micromere formation, 
eggs were treated with potassium cyanide, and phenyl urethane, 
or were kept at a low temperature after fertilization. 

4. By treating the eggs with phenyl urethane it was possible 
to throw the micromere formation in the 2-, 4- or 8-cell stage. 

5. On the basis of the experimental work 'it is concluded 
that: (a) at the time of fertilization progressive changes are 
initiated in the cytoplasm of the egg which go forwdird inde- 
pendently of the nucleus and of the cleavage process; and (b) 
differentiation, as far as the formation of the micromere is con- 
cerned in the sea-urchin egg, is dependent upon cytoplasmic 
oxidation, the nucleus and the cleavage process playing no direct 
part here. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 to 15 All the drawings, except figure 1, have been made from free-haml 
sketches, 

1 Schematic sketch of a monaster egg. 

2 Egg showing protoplasmic^, movement. 

3 First cleavage showing protoplasmic movements in division plane. 

4 Two-cell stage of monaster egg with protoplasmic balls. 

5 Two-cell stage of monaster egg. 

6 Four-cell stage of monaster egg. 

7 to 9* Eight- cell stages of monaster eggs showing tw-o micromeres. 

10 and 11 Eight-cell stages of monaster egg showing one micromere. 

12 and 13 Eight-cell stage of monaster egg showing no micromeres. 

14 Monaster egg with aster. 

15 Monaster egg with aster. 
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EXPLANATION OF FIOrRES 

16 to 34 All drawings from free-hand sketches. 

16 Monaster egg with protoplasmic ball thrown off. 

17 Egg after treatment with phenyl urethane, two nuclei present. 

18 Pseudotctraster egg. 

19 Pseudotctraster egg after division, 

20 to 22 Two-, four- and eight-cell stages of the same egg. 

23 to 25 Two-, four- and eight-cell stages of egg treated wdth phenyl urethane. 
26 to 28 Same as above. 

29 to 31 Same as above. 

32 to 34 Cleavage of egg treated with phenyl urethane. Two micromeros 
were produced in the four-cell stage. 




PLATE 3 

explanation of figtjues 

3o to 50 All drawings from free-hand sketehes. 

35 and 36 Cleavage of pseudo tctrastor egg. 

37 and 38 Cleavage of pscudotetr aster egg. 

39 to 41 Cleavage of pseudotetraster egg. 

42 and 43 Eggs in which the luieromcrcs appeared in, the two-cell stage. 

44 and 45 Showing plane of division of eggs treated with phenyl urethane- 

46 Showing position of nuclei in egg where the nucleus had divided. 

47 to 50 Showing the planes in which the eggs were cut by the division of the 
p.seudotetrasters. 
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SOME STUDIES OF ENVIRONMENTAL INFLUENCE, 
HEREDJTY, CORRELATION AND OROIVTII, ‘ 

IN THE WHITE MOUSE 

FRANCIS B. SUMNER 

SEVENTEEN FKIURES 

INTRODUCTION 

The present paper constitutes a final report upon a series 
pf experiments commenced in the fall of 190(1, at Woods Hole, 
Massachusetts. The results of the work of the tii-st three years 
have been rather fully presented in several prcvioiis papers 
(Sumner ^09^ TO a, T0,b, Tl). These experiments were con- 
tinued, however, until October, 1911, when circumstances 
compelled their abandonment. During the last of these years, 
a much larger number of animals were employed than previously, 
and a more conaplete series of measurements was obtained from 
each. Accordingly, the results which I now am able to oiler 
are in some respects more convincing statistically ‘than those com- 
prised in my earlier accounts. 

In this final report, the chief stress will be laid upon my 
later, unpublished work. I have, however, applied to soiifie 
of the earlier data certain biometric methods whicli I did not 
at .first attempt to employ. Furthermore, I liave in cases 
where this procedure seemed iiistifiable, combined the earlier 
and lateF results, giving cumulative probability to certain 
conclusions. 

The completion of the last year’s experiments \vas rendered 
possible by - two successive grants, ■ aggregating four hundred 
dollars, from the Bache Fund of the National .Veademy of feci- 
ences. I take pleasure, herewith, in expressing my obligation 
to the trustees of that fund for this important assistance. My 
acknowledgments are also due to the United States Ihireau of 
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Pisheries for permission to occupy certm rooms at its Woods 
Hole Station, during the winter months of several years, and to 
Prof. F. R. X-illie, Director of the Marine Biological Labora- 
tory at Woods Hole, for allowing me the extensive use of two 
rooms in one of the buildings of that institution. Without 
these privileges the work would have been quite impossible. 

The time-consuming task of computing the data, according 
to statistical methods, has, in large measure, .been carried on 
under the auspices of the Scripps Institution of the .Univer- 
sity of California, which' has likewise endorsed a project by 
which the writer is enabled to continue studies along some- 
what similar lines. To the California Museum of Vertebrate 
Zoology, through its director, Dr, Joseph Grinnell, I . owe the 
privilege of occupying a research room, in the Museum dur- 
ing the several months which have been devoted to preparing 
these results for publication. 

Finally, I must acknowledge the valuable advice of Dr. 
Raymond Pearl, of the Agricultural Experiment Station at 
Orono, Maine, and of Messrs. G. F. McEwen and E.. L. Michael, 
of the Scripps Institution, all of whom I have freely consulted 
regarding biometric methods. It is not my intpation, how- 
ever, to shift upon the shoulders of these investigators any 
responsibility for most of the steps wnich I have taken.^ 

Throughout the various experiments of the earlier years, al- 
ready reported upon, measurements were made of about a 
thousand mice. During the experiments of 1910-1911, over 
1300 animals were dealt with, many of which were measured 
at two periods in their lifetime.^ If the data from all of these 
individuals could be brought to bear upon any single problem 
here attacked, their statistical weight would of course be very 
great. Unfortimately, however, the size of, any series having 

^ Indeed Dr. Pearl, who has been so good as to examine the manuscript of 
this paper, is convinced of the futility of certain of the current statistical methods 
which I have thought fit to employ. This disagreement springs, however, from 
eurtaiu fundamental differences of biological interpretation, and I am prepared 
to defend the stand which I have taken. 

® This number does not include certain series of mice (Ci and Bj) which were • 
not measured, though many of them were lised for temperature tests. . 
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strictly comparable history was very much less tlmn might 
be inferred from the above figures. Although it was my ex- 
pectation to deal with much greater numbers of animals, par- 
ticularly in the Fi lots, the reproductive capacity of the stock 
proved to be seriously weakened by the conditions of the ex- 
periment or otherwise. Indeed, this unexplainable, and there- 
fore uncmitrollable factor proved to be the chief o))staole to 
the full success of my experiments, and is accountable for some 
of the obvious gaps in my evidence. For these reasons, tlie 
statistical significance of my results must rest, in most cases, 
on the cumulative probability derived from a number of compara- 
tively small series. 

The problem ‘upon which it has been my chief object to 
throw light is the effect upon the offspring of modifications 
individually acquired by the parents as a result of external 
agencies. As is familiar to most biologists, the many known 
cases in which such effects have been demonstrated are com- 
monly interpreted as dup to the immediate infiiieiice upon 
the germ-cells of the original stimulus which caused the changes 
in the parent body, and not to any secondary influence exerted 
by the modified parts of the latter. In these experiments, '! 
acted on the belief that a study of the structural changes, 
resulting from the effects of heat upon mammals, would in 
large measure avoid the possibility of such an interpretation, 
since the Mammalia are known to be homothermous, or of 
constant body temperature, irrespective of the temperature 
of the atmosphere*. Certain tests of the body temperature 
of ‘the mice used in my experiments have already been reported 
upon (Sumner ’13), and will be referred to again in this paper. 

The chief results of my earlier experiments, in so far as they 
relate to the modification of the parent generation, were pub- 
lished in 1909 ; the findings regarding the offspring were published 
in 1910 and 1911. The principal facts presented in these earlier 
papers may be summari;5ed as follows:— 

L Parent generation. {Reared from birth in the cold- and 
warm-room jespectively): (1) The tail length of the warm- 
room series was considerably foften strikingly) greater than 
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that of the cold-'room scries. (2) Foot length was likewise 
unmistakably modified in the same direction. (3) Ear length 
appeared to be affected in the same direction in some series, 
though the result was inconstant and not statistically cer- 
tain. (4) In one comparatively small group, in which the test 
was made, the amount of hair was appreciably greater for the 
cold-room individuals. (5) The differences thus artificially 
produced were ones which have long been believed by system- 
atists to distinguish northern from southern races of mammals. 
(6) During subsequent growth, these initially produced differ- 
ences, at least as regards tail length, were found to diminish 
considerably, even while the external causal agencies continued 
to act with undiminished force. 

II. Second (Fi) generation {those of ,cold-room and warrfi- 
room parentage being horn and reared in a common room): (1) 
The tail, foot and car length were greater among those of warm- 
room parentage; (hair determinations were not made). (2) 
As regards tail and foot length, these differences were much 
smaller in the Fi generation than in the generation imme- 
diately subject to the temperature differences. 

In my previous papers, I have discussed rather at length 
the various interpretations which might be offered for these 
differences in the second generation. At no time have I de- 
clared my results to be proof of, or even evidence for, the 
^inheritance of acquired characters.’’ Indeed, I have insisted 
that in the present state of our problems this latter expression 
has become hopelessly obsolete. As regards the .various 
possible interpretations of my own results, I have atways 
expressed indecision. 

I will anticipate the outcome of my later studies by stating 
that they have, in the main, strongly confirmed my earlier 
findings. Tail and foot lengths have once more been found 
to be modified constantly and considerably through the influ- 
ence of external temperature, and in the same direction as 
shown by my previous observations. On the other hand, no 
certain modifications in ear length has appeared during my 
later year’s work. The quantity of hair has again been found 



INFLUENCE, HEREDITY, CORREL.\TION, GROWTH 329 

to be greater among the cold-room than among the warm- 
room individuals, so far as may be judged from a rather limited 
series of animals, though these differences were found to dis- 
appear, or indeed to be reversed, after the withdrawal of the 
temperature differences. 

Furthermore, animals of the second (FO generation have 
been found, in the long run, to diffoi' from one another, ac- 
cording to parental history, in the manner previously described. 
These differences relate, as before, to tail, foot, and ear. Tliey 
also relate to relative body weight, a point which was clearly 
shown in my earlier experiments, though I did not realize it 
at the time. Hair determinations, which were made in the 
case of one of my Fi lots, showed an undoubted difference 
between the animals of cold-room aiid wai’in-rooiu parontag(% 
but curiously enough, it was the latter which possessed the 
greater amount of hair, both relatively and absolutely. It is of 
possible significance in this connection that these young were 
born some four months after the discontinuance of the tempera- 
ture conditions. 

Some other matters, chiefly ones relating to intra-individual 
and filial correlation, and to body temperature, were dealt witii 
for the first time in this later year’s work, while the subject 
of the rate of growth was considered in greater detail. >Sonie 
of these ‘by-products’ of my principal research are, perhaps, 
equal in importance to any results which were obtained. 

Since my publication, in 1910, of the first data which were 
obtained from an F^ generation, my results have been discussed 
or mentioned in various works dealing with heredity. By 
8einon (TO, T2) they have been included among the data which 
speak for an “inheritance of acquired characters,” though he 
does not believe the direct effect of temperature upon the germ- 
cells to be wholly excluded in this case. Plate {T3a), on the 
other hand, who likewise upholds the Lamarckian principle, 
does not regard as convincing evidence the results of any 
experiments which have not been carried beyond the h i 
generation. 
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Baur (’ll) and Plate (’13b) emphasize the fact, to which I my- 
self called attention, that the females of the parent generation 
were kept in the cold- and warm-rooms respectively until within 
about five days before the birth of the young. The enyironmental 
influences, they beheve, acted in some way upon the animals 
of the second generation during their fetal life. 

Other critics (e,g. Tower T2), have pointed out what they 
seem to regard as a serious defect in my method, namely that 
ray cold-room and warm-room animals were not of precisely 
the same ancestry. In-bred, stock should have been used, they 
seem to think, and care taken that offspring of the same parents 
were represented equally in the two lots. 

It may be well for me to consider briefly these various objec- 
tions to the relevance of my past results. As regards the 
possible direct effect of temperature, as such, upon the germ- 
cells, I have lately published (’13) the data from a considerable 
series of tests upon the body temperature of the mice fised in my ■ 
experiments. It suffices here to say that any differences in the 
• body temperature of adults, due to even the greatest tempera- 
ture differences to which my mice were exposed, were slight and 
inconstant, except in certain cases where abrupt changes were 
made. Indeed, it is very doubtful whether the mean 'differ- 
ence between my warm and cold rooms was adequate to pro- 
duce any measurable differences in body temperature between 
animals acclimatized to these atmospheres.^ 

In young mice, less than three weeks old, the case was, how- 
ever, quite different. In conformity with the observations 
of previous investigators, I found the body temperature during 
early life to be very widely inffuenced by that of the atmos- 
phere. The possibility therefore remains open that’ the ex- 
ternal temperature reached and modified the germ-cells at 
this stage, even if not later. Indeed, I am myself' disposed 

®The experiments of Congdon (’12) seemed to show quite measurable diilcr- 
ences of body temperature, resulting from even smaller atmospheric differences 
than those with which I dealt. I have already (’13) criticized Congdon’s re- 
sults and given reasons for believing that his findings were based up«n inadequate 
methods of recording the internal temperature of the body. 
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'to give more weight than formerly to this possibility, in view 
of certain quite meagre evidence furnished by iny own experi- 
ments. Let no one delude himself into believing, however, 
that any direct. effect upon the germ-cells (or their forerunners), 
at an early stage, would render more intelligible the parallel 
modification of parent and offspring, when such is found to 
occur. As judged by the criterion of conceivohilihj, this expla- 
nation of the phenomena has no ad^'antage over that of a specilio 
induction exercised by the motfified portions of the soma.- 
As regards the second of the objections rnenticncd above, 

I have, throughout these experiments, realized the importance 
oL obtaining Fa and even later generations. Such a continua> 
tion of my descent lines was fully planned for in the last year's 
^ork, and my failure to attain this end was a sour<*(‘ of great 
disappointment. Aside from the fact that my entire series 
-of experiments was involuntarily brought to a closer before 
ihi^'COuld' be accomplished, there was another serious obstacle 
‘to the rearing of an F 2 generation of any value for the purpose 
at hand. .This was the impossibility, with the stock in hand; 
of my obtaining sufficient numbers to show with any statistical 
.’c^tainty such attentuated differences as might be expected to 
persist to this generation. The reasons for this failure will lx? 
stated more fully below (pp. 350-357). 

But such an explanation of the shortcomings of my work 
does not, of. course, meet the objection as to the futility of 
basing conclusions upon an Fi generation alone. It seems to 
me, however, that the rearing of a satisfactory F 2 generation 
WQul^ not carry us much farther toward the solution of our 
main problems, and this whether the results proved to be positive 
or negative. For even the unmistakable persistence of any 
induced peculiarity into this generation would not, in itself, 
furnish evidence for the inheritance of a modification which 
was originally purely somatic. It would be perfectly con- 
^tent with the view that the stimulus employed evoked a 
gertninal change at the outset. On the other hand, the dis- 
appearance of all ^ appreciable traces of the modification in 
the Fi* generation would be no disproof that a somatic modi- 
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fication had actually been transmitted as far as the Fi gen- 
eration. Indeed, as regards the influence of some stimulus 
acting during a single lifetime, such a rapid attentuation of 
its effects would be the result most in harmony with a belief 
in the Lamarckian principle as generally understood. For 
we ought not to expect the accumulated effects of environ- 
mental influences, acting during a great number of preceding 
generations to be suddenly and permanently effaced by influences 
acting during a single generation. 

In opposition to the view of Baur and Plate that the persistence 
of the modifications in my young mice may have been due to some 
effect of temperature acting upon them during fetal life, I can for- 
tunately offer the best possible kind of rebuttal. This is the 
fact that all three of the Fi lots in my later experiments 

and according to my notation), were conceived and 
horn after the discontinua7ice of the temperature ’ differences. 
Indeed the lot was born nearly five months after the 
parents had been brought into a common room. Nevertheless, 
•these mice, in the aggregate, show mean differences quite as 
great as those shown in the earlier experiment, where the mothers 
remained subject to the temperature differences during the fifst 
two weeks of pregnancy. 

Such criticism of rny methods as is based upon my failure 
to use animals of identical ancestry for the warm-room and 
cold-room sections of my parent generations appears to me 
to have little force. It rests on the possibility of an unconscious 
choice of individuals for the two parent lots belonging to “bio- 
types^’ having mean heredity differences of just the so.t which I 
was later able to detect in the offspring. In such an event, the 
differences in the latter might bear no relation whatever to the 
treatment to which the parents had been subjected. It would, 
of course, be possible so to select two groups of mice that the 
mean foot or tail length of their offspring would be materi- 
ally diti'erent. But happily we are enabled to state with some 
accuracy the degree of selection which is necessary in order 
to bring about a result of a given magnitude. I shall show 
below, by well-known statistical methods that differences of the 
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magnitude which I have found to occur between the mean 
tail length of my cold-room and warm-room descendants could 
only be accounted for by the selection of parents displaying 
an average difference of many millimeters. That such a selec- 
tion was actually made will be shown to be a in*actical 
impossibility. 

In concluding this introductory section, I will refer to a 
recent piece of work, somewhat similar to my own in its gen- 
ial bearings. ’ I refer to the -experiments of Przibram (’09) 
upon rats, the results of \vhich have unfortunately never been 
very fully reported. This investigator subjected rats to widely 
different temperatures'^ for several generations. Certain dif- 
ferences between the two lots apj^eared, as a result of this 
treatment, notably a hypertrophy of the testicles and a dim- 
inution in the quantity of hair in the warm-room animals, 
as compared with those reared in the ‘norfnar room. So far 
as may be judged from Przibram’s single brief reporthqmn his 
work, no measurements were made, and only such conspicuous 
differences were considered as could readily be observed with 
the unaided eye. Przibram found that bi)th of these pecu- 
liarities of his warm-room rats disappeared, loithin the Hfeiime 
of the^ individuah, when the latter were removed to normal 
temperatures. Now if rats of the second or third experimental 
generation were removed from the warm-room, and were paired, 
even before these induced modifications had di.sappcared, 
the modifications were not detected in the offspring. If, 
however, they were paired before removal from the warm-room, 
so that fertilization and early pregnancy occurred in the latter, 
the parental modifications did reappear in the next genera- 
tion. Although present to a diminished extent, the differences 
were great enough to be detected by the unaided eye. It is 
not stated whether the rearing of an F. generation was attempted. 

While these experiments of Przibram’s are of decided in- 
terest, it seems to me that their significance has been over- 
rated by some writers. In the first place, the alterations in the- 

* The warm-room lot were kept at :50 to 3o°C, the others at ‘normal’ t(3in- 
peratures. 
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parent generation appear to have been functional, rather than 
structural, of if the latter, they were, at least, not permanent. 
Differences in the activity of the hair follicles, and in the degree 
of relaxation of the scrotal sack may have been whoUy respon- 
sible for the visible phenomena. As already stated, I am able to 
confirm Przibram’s observations as regards the disappearance 
of the dill'erences in the quantity of hair, after the withdrawal 
of the effective stimuli. But in my own. experiments, both 
the original differences and their subsequent* disappearance 
(or even reversal) were not obvious to the eye, but were de- 
tected only by the careful gravimetric treatment of a consider- 
able number of pelages. I have, however, observed a con- 
spicuous diminution of hair in several broods of mice, belonging 
to a second generation which was reared in the’ warm-room, 
though the meaning of this evidence is rendered uncertain 
by the almost pathological character of this particular lot of 
young mice, and by the fact that a number of scantily clad 
individuals also appeared in the cold-room. 

I am 'likewise able to confirm Przibram’s observations regard- 
ing the (apparent) enlargement of the testes in* individuals 
kept in a warm-room, though I have been disposed to regard 
this as due to the relaxation of the scrotal sack, that k to a 
variation in muscular tonus, and not to a structural change 
at all. Nevertheless, even if they are purely 'functionar in 
the medical sense of the term, these differences certainly have 
some material basis, and their reappearance in the offspring is a 
fact of considerable interest. 

The circumstances under which Przibram was able to effect 
a repetition of these modifications in the offspring resemble 
those which obtained during my experiment of 1909. The 
modified parents were paired in the rooms of differing tempera- 
ture, and were kept there during the earlier stages of pregnancy. 
As stated above, I later found equally great differences when 
the temperature conditions were withdrawn long before the 
•pairing. 

I will* not here attempt to discuss the numerous aiid impor- 
tant papers of Kammerer, who has attacked the same general 
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get of problems by diverse methods and with a considerable 
variety of animals. These and various other recent studicf^ 
in this field of research have lately been admirably summarized 
by Seinom('12) and have been discussed critically but loss fully 
by Plate Cl 3). 

EXPERIMENTAL MITITIODS 

The methods which were followed throughout these expori- 
rnents have already been described in some detail (’09), so 
that I shall content myself here with a briefer account of thVm. 
Some changes have, however, been introduced during my hivv 
studies, particularly in the statistical treatment of results. 

Of the two rooms used/ one (the ‘cold’ one) was situated 
upon the upper floor of an unheated building, and freely ven- 
tilated through at least' two open windows. The ‘warin‘- 
room was heated by a large steam radiator. It is obvunis, 
.therefore, that the proper temperature conditions for the two 
rooms could be maintained only during the colder months of tlu' 
year, and accordingly this phase of the experiments was lim- 
ited each year -to the months of November to ^larCh or A]ird, 
inclusive. Unfortunately my control of temperature conditions 
was at no time adequate. Spells of warm weather occasionall}’ 
gave to tbe cold-room a temperate atmosphere, eveii in mid-- 
winter, while extremely cold, windy spells in a few instances 
reduced the temperature of the ‘warra’-room to a point nearly 
as low SB the average condition of the other one. Such condit ions 

were very exceptional, however. 

During the season of 1910-1911, the mean temperatures 
of the cold- and warm-rooms, based upon continuous thermo- 
graph records, were 4.2 and 22.5T., respectively (39.5 and 
72.5T.), These figures relate to the entire period from the 
birth of the first experimental generation to the discontinuance 
of the temperature differences. The mean temperatures duriug 
various phases of the experiment, as well as maximum and nmu- 
mum figures, and mean daily ranges, arc given in ta e . ^ n 

seasonal temperature changes, based upon weekly means, 
been plotted in figure 1. 
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It is unfortunate that more exact data regarding humidity 
cannot be given. A suitable instrument for making these 
determinations was not obtained until the latter part of the 
experiment. A limited number records which were made 
with an ordinary wet-and-dry-bulb ‘ thermometer, .indicated 
relative humidities of about 76 and 38 per cent, respectively, 
for the cold- and warm-rooms. In as much as the psychrometer 
used was stationary, these figures, particularly that for the warm- 
room, are doubtless top high.^ 

However desirable for the sake of formal completeness, 
it is doubtful whether an exact series of hygrographic observa- 
tions would have materially increased the value of the present 
studies. The important fact to bear in mind is that my two 
rooms were characterized by great differences in relative hu- 
midity, as well as in temperature, and that, so far as we know, 
the former may have been quite as effective *as the latter in 
producing the structural modifications in the animals. 

At a certain time in the course of the experiments (April 
4, 1911), the ‘temperature differences, already considerably 
diminished, were discontinued' entirely. Thereafter, the ani- 
mals, regardless of history, were kept together in th^ attic of a 
small building, where the temperature, throughout the summer, 
approached much more nearly that of the ‘ warm-room than that 
of the cold (fig. 1). Care was taken that the offspring of warm- 
room -and cold-room parents should be subjected, as far as pos- 
sible, to identical temperature conditions. The two sets of 
cages were kept upon alternate shelves, 6nc above the other. 

The same system of measurements was employed here as in 
my earlier studies. The data recorded were (1) weight, (2) 
body length (from snout to anus), (3) tail length (anus to tip), 
(4) foot length (from heel to tip of middle claw), (5) ear length 
(from 'notch’ to tip), (6) weight of hair, after removal from 
skin. 

5 Since very Uttie compensatory evaporation occurred in the warm-room, 
qie absolute amount of moisture in the atmosphere probably differed little 
'rora that of the cold-room. Air having a relative humidity of 75 per cent at 
when raised to a temperature of 22,5®, would have a humidity of less than 
15 ])er cent. 
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la view of the comparatively slight differences with which 
we are. frequently dealing, the value of such observations as 
the present ones is obviously dependent upon the care with 
which tW measurements aif made, and particularly upon 
the complete comparability of the various figures for a given . 
part throughout the entire series of experiments. Tlie system 
of measurements earlier developed by me has therefore been 
adhered to rigidly, the animals and the instmments being, 
so far as possible^ manipulated in the same manner throughout,® 
During the last year's experiments a special dial caliper was 
constructed for this purpose.' ^Each measurement was taken 
twice, and the dial or scale of the instrument was so held as 
to face away from me, in order that the reading might not be 
known until the measurement was completed. As an illustra- 
tion of the precision which I found it possible to roach, it may 
be stated that for foot length the mean difference between the 
first and second reading of the caliper was abo\it 0.14 mm., 
while for ear length it was only 0.06 mm.^ And yet in no 
case were the two measurements of the same part made in 
succession, but those of • different parts alternated with one 
another. * 

In dealing with animals of the second generation (offspring 
of modified parents), in which the mean dillerences between . 
two contrasted lots were small in comparison with their varia- 
bility, it was necessary to guard against any possible uncon- 
scious bias in making the caliper measurements. I therefore 
continued the practice, already adopted for my 1909 series, 
of keeping myself in -ignorance of the parentage of a given 
mouse until the measurement was made f’lO b). 

« See my paper of 1909, pp. 101 -iOo, for an account of this .syrjteni. 

I This was made by the B. C. Ames Co., of Waltham, Arthur Meiss- 

ner, of Freiberg, i. Sa., Germany, now has on the market a dial caliper which 
appears to be quite satisfactory. This type of caliper,^ was used by me only 
for the smaller measurements (foot and ear). Por body and tail length, which 
were recorded to the nearest millimeter, an ordinary sliding culipci was picfcTTC 

« Individual readings were recorded to tenths of a millimeter. In a con- 
siderable proportion of cases this ditforcncc was 0. 
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In measuring certain series of mice, the latter were killed. 
But this was not possible in many cases, for the animals were 
needed for further experiments. The measurements of tail 
length which were made upon li^ng mice were not quite com- 
.parable with those made upon dead opes, the latter giving a 
length which was commonly less by ohe to two millimeters, de- 
pending upon the weight of the animal. In order to take the 
ear and foot length of living mice, it was necessary to anesthetize 
them with ether or chloroform. For the latter measurement, 
the sole of the foot was pressed against a fiat surface by means 
of small forceps, instead of being impaled by a pin as in the case 
of dead animals. It was not found practicable to determine the 
body length of living mice, cv 3 n when anesthetized, since it was 
necessary to pin out the animals to accomplish this. Hence the 
method of grouping according to body length, in comparing two 
series of animals, was not practicable with those which were 
measured when living. 

The technique employed in the determination of hair weight 
has been described in a paper already referred to (’09). The 
hair was removed from each pelt, chemically cleaned and thor- 
oughly desiccated, before being weighed. In the case of my 
‘C 4 ’ lot of mice in 1911 (p. 385), I was forced to adopt a varia,- 
tion in the procedure. I did not have time to skin the 210 
individuals, as had been done for all of the previous sets, and it 
was consequently necessary to preserve the bodies entire, pending 
the resumption of the work. Since ordinary preserving reagents 
(alcohol or formalin) would have fixed the ’skins and prevented 
the easy removal of the hair, the bodies were kept in an aqueous 
solution of thymol. It was found that in this fluid the skins 
underwent maceration to a considerable extent, so that the hair 
was easily and completely removed by forceps. The hair weights 
for this series of mice are perhaps not wholly comparable with 
those for the skim which were treated with lime-water, but the 
important comparison — that beWeen the warm-room and cold- 
room sections of the same series — is perfectly valid. The task of 
preparing and weighing the hair from the nearly 400 pelts which 
I preserved in 1911 was carried out by Dr. G. F. White, of Clark 



I.WLUE.VCE, HEREDITY, CIRREI.ATIO.V, (IROWTH 




University. The weights of the i)uli\-idual pelages were ascer- 
tained to the nearest one-tenth milligi'a,,,, tlioiigli ttiis .iegree of 
exactness was doubtless superfluous. 

Every mouse used in tlie ^iresenf work was given an indi- 
vidual number and identification mark, ami record was ke)rt of 
the parentage of every animal borju 

statistical MKTjIi)])S» 

In the present paper I havc^ oomputf'd the averages for all 
of the series of measurements and l!]p standaj-d deviations for 
the most important ones. Ihg proliable errors of too averages 
have been given in cases wliere tlu' significaneo of the figures 
has been materially enhanced t]iorc})y. 

In any investigations, such as the i)resent ones, in which 
two series of individuals are comjaired whicli aiv sus])e(!te(l of 
differing in the characters measured, a point of. vital iinpor^ 
tance is the significance of any ditleronccs which may be found 
between two averages. The mere fact that in siu-ies a th(' 
mean tail length is found to be greater than in s(‘ri('s b is no 
indication that this difference is relevant to inepuries in 
hand. This is true for two reasons. In the first, ])Iace, the 
difference may be ‘accidental/ that is, due to a multitude of 
independent causes having no essential relation to the con- 
ditions of the experiment. The odds against such an interpre- 
tation may readily be calculated from the ridative magnitude 
of the difference between the two averages in question anil the 
probable error of this difference, Th(‘ latter is exi)rcsscil by 
the formula 

VE] + K] 

’ In my paper of 1909, a few were; to ;in exposition of soiue 

of the most elementary prineiiilcs of .siatistical treatment. Tor very mueli 
mure extended and technical di.scussions of tlu- siil>j(a‘t, the reader is ro,fcrrc<l 
to C. B. Davenport (T4), L, Davenport i’(i'7j. 1 earson ('(M)). dlmriidike {’Op, 
Vuie ('ll) and various others. Lnfortunajeiv, tlie nornnatlK'inatic.al stu- 
dent \vho desires to do aTiythinfr beyond (jbf.aitiijij' I lie sitiipleKl of tliu Liometrie. 
constants is confronted by rather foniiidable dillieuUics. ,\tnl the plight of 
the expcrinientsiUst is rendered still wor.se !>y tlu; fact that hi.s sperdai retjuire- 
ments have seldom been kept in view by tiic .statistical e.xperts. 
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i.e.. the square root of the sum of the squares of the prob- 
able errors of the respective averages. The liklihood that a 
difference of a given sign is significant, i.e., not due wholly to 
'chance/ depends upon the ratio which it bears to its probable 
error. The chances are only 3 out of 4 when the difference 
equals its probable error. They are 997 out of 1000, when the 
former is four times the latter. 

Eiit there is another reason why even a considerable dif- 
ference between the mean values of a given character in two 
.series of animals would not necessarily have any relevance 
to our inquiries. This is the fact that the animals of the two 
series might differ widely in tlfeir mean size. The discovery 
that the tail length averaged 10 per cent greater in oije group 
than in another would be of little interest, if it were found that 
the body length was likewise 10 per cent greater. No com- 
parison between two groups of individuals, as regards the mean 
ahsohde magnitude of any part or organ, is commonly justified 
imless the average size of body is approximately equal in the two 
groups. 

The foregoing proposition, which seems self-evident and 
Superfluous, has none the less been largely ignored by some 
of those who have dealt most widely with animal measure- 
ments. In the works of systematic mammalogists, for ex- 
ample, we find pages devoted to the absolute measurements of 
certain parts, and to comparisons between their mean values in 
related species, when these species differ obviously in their 
average bodily size.^^ This procedure is of course instructive 
in case the parts in question differ so widely in their relative 
magnitude in the two species that the distinction is obvious 
without reference to the size of the individuals compared. 
And this is not infrequently true. Furthermore, it must be con- 

1 have given a brief table of such values in my paper of 1909 (p. 107). 

“ 'Body length,’ in the sense in which I have used the term, is commonly not 
referred to by those writers. They give, instead, the 'total length,’ i.e,, the 
length of the body, plus that of the tail. But this is obviously an unsatisfac- 
tory index of size, in comparing tw^o species which differ widely in their rela- 
tive tall length. And even within the same species, there is a wide range of 
variability in the ratio between tail and body (p. 389). 
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ceded that in many cases coinpurison by size-grou])s is iiupracti- 
cable for the taxonomist, owing to hu'k of a sufRcieut luiiubor of 
specimens. 

The need seems obvious of suitable metliods for comparing 
identical structures in two groups of indi\'iduals, each present- 
ing a wide range of bodily size, and particularly groups wliioli 
differ from one another considerably in their mean size. And 
yet, curiously enough the standard reference works on biometry 
give little or no attention to this pliase of the subject. 

Two principal modes of pmeedure suggest themselves for 
making comparisons of this s(^’t. T\n^ first is to transmute 
the absolute values into relative ones, that is into ratios, ex- 
pressed preferably as percentages of tlie body length. Such 
a course is obviously only possible witli those organs wliich 
increase in exact proportion to (he body length, i.(‘., which 
maintain the same ratio at all stages of growth. * This s(‘(uns 
to be approximately true for tail length, as will be .shown be- 
low (pp. 424-425), and the fact has I’endored possible' sonu' 
very instructive comparisons in the case of my mice. But it 
is obviously not true for foot and car length. In table 2(i 
it is shown that the foot length of the second lot considered 
(^breeding males’) increased only about 1 ])er c(;nt between 
January 5, when the animals were 50 days old, and August, 22. 
when they w^rc 9 months old, and a consideration of lh(' indi- 
vidual cases (not shown in the tables) shows that thort^ was, 
indeed, in some instances an actual diminution in lejiglh. On 
the other hand, the weight of the animals increa.sed, on the 
average, between 50 and 00 per cent, during this period. 
From a consideration of other cases, it may safely be iJif erred 
that this increase in weight corresponded to an increase of 
about 20 per cent in body lengili. It is, indeed, an obvious 
and familiar fact that the feet of many young maminals are 
proportionately much larger than those of the adults. The 
same is true to a lesser degree of the ears.^* 

I do not, of course, wish to deny that foot and ear length arc strongly cor- 
related with the length of body. Larger animals have, on the average, larger 
feet and ears, as will appear constantly from my data to he considered later. 
But the growth of these appendages practically censes long before that of the 
body. 
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The other method of comparing two series of animals, both 
very diverse in size, is the simple expedient of dividing each 
series into a number of groups, containing individuals of ap- 
proximately the same size. Comparisons may then be made 
between the mean values for any character in corresponding 
size-groups of the two series. This is a method which I have 
already used in these studies (TO a, TO b) and have employed 
widely in the present work. The animals have most fre- 
quently been grouped according to body length, the groups 
containing individuals which differed by less than 2 millimeters 
(e.g., 80-81, 82-83, 84-85, etg.).^^ As stated above, certain 
lots of the animals were measured without killing them, and 
the measurement of body length in living mice is ■ scarcely 
practicable. In such cases, therefore, the individuals have 
been grouped according to weight, the groups differing in mean 
weight by 1 gram. This method of grouping is, however, 
less satisfactory than when body length is employed. As will 
be shown below (table 20) the correlation of tail, foot and 
ear length with body length is higher than with weight. 
Whichever mode of grouping is employed, it must be borne in 
mind that, in dealing with immature animals, only series of the 
same age should be compared by this method. 

The method of comparison by size-groups is subject to one 
decided limitation, namely, that unless the series dealt with 
contains great numbers of animals, the single groups are neces- 
sarily small. At the two extremes in the scale of size, they 
may be constituted by only one or two individuals. Indeed, 
in cases where the difference in mean size of the two series of 
animals is considerable, the smaller animals of one series and the 
larger ones of the other may not be available for comparison 
at all. Thus, in most cases, the probable errors are large in com- 
parison with the differences which are dealt with. We are 
therefore forced to rely, in estimating the probability of our 
results, upon the cumulative testimony of a considerable number 
of cases, each having a low degree of certainty. One method of 
calculating the probability, indeed, is to consider the chances 
In thft 1909 series 1-mm, groups were used. 
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that a certain proportion of the diffpvoacos should hear tlie same 
sign. What, for example, are the chances that in twelve pairs 
of contrasted sizeigroups, the mean tail length of series a 
should be greater in ten cases than that of sei'ios b/ Theoreti- 
cally, the probabilities against such a liappening being the re^ 
suit of mere ^chance’ can readily be c(unputed, though this 
inethod must be applied with considerable caution.'^ 

Besides an enumeration of positive and negative cases, 1 
have resorted to two other, more fruitful, methods of eomparison 
by size-groups. One of these is to plot tlie ‘curve’ or 'grapli’ 
for each character in each of the two contrasted lots of ani- 
mals. Body length (or weight) is expresstal ]>y the td^scissae, 
and tail, foot or ear length, or some other magnitude, by the 
ordinates. Each curve connects the nu'a.n values of a given 
character for all the size-groups of a sei’ics, and the two con- 
trasted lots, may thus be compared \’er\' instructively." Such 
comparisons have been the object of figures 2 to 17. In many 
of the latter it will be seen that the cui'vc for one lot is, through- 
out its course, pretty constantly above or below^ tliat for anotlier 
lot, the width of the interval varying from ])oint to point. 

it is desirable to obtain a value which will express the mean 
width of this interval. Tor that purpose, a simple averages 


»See my paper (U)lOb, pp. 329 3S‘2). T!us cnn-rioii of pruhalul.ty was > 
applied rather extensively in my previous reports of tins work. 1 lie pm Labili- 
ties calculated in the way stated are sonie.what lieeeptive, howovt^r, in that all 
the individuals of a series arc not iiule])eudently variable. Many of tliem are 
brothers or sisters of other members of tlH« senes, and tla= fraternal eorrelation 
is high. Again, the chanees of coiiieidiMiee in the sign of the various di Terences 
for tail, foot and car, taken collectiv ely aie considerably liwreasiM by the eorre- 
lation which is known to exist between these org.nns (pp. 1-nially, in 

such a inerQ enumeration of positive and negative easi's, one ease is reganie.l as oi 
equal weiglit with another, whereas the lir.sl, may be l)a.se.l up.m ten times many 
individuals as the second, in which event it noiild li.iM nuu. moie ..iM'i a 
Insuffieient weight wa.s probably given to these facts in my former 

•^The figures found at intervals along certain of the curves here publ. h e<l 
denote the numbers of indivi.luals in tint respective si.e-gn, ups. It must be 
borne in mind that all parts of these curves are not of eqnal ^ 

more central portions, which are based upon the majority of the 
of course count for far more then the terminal i)ortions, winch may be based 

upon very small numbers. 
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of the differences between the successive size-group means 
might be used, as was done in one of my earlier papers. In 
this case the various differences would be regarded as of equal 
weight in computing the average, whatever the number of in- 
dividuals in the size-groups. It seems fairer, however, to 
weight the various .differences in proportion to their significance 
in the series. This I have done by multiplying each difference 
by the product of the number of individuals upon which the two 
respective means are based. The sum of these weighted dif- 
ferences has then been divided by the sum of the weighting 
factors. This may be expressed by the formula: 

(n n')] 

Mdif = - - ^ 

in which m and m' are two corresponding size-group means 
and n and n' are the numbers of cases upon which these njeans 
arc based. 

The probable error of the mean difference, as thus computed, 
may be expressed by the general formula for the probable 
error of a mean, viz.: 



The standard deviation ((j) here employed would be that for the 
size-group differences, considered as variates, the square of each 
deviation from the mean difference being weighted by the factor 
n n' as above, and the product-sum being divided by 1' /i 
The N in the denominator is the number of size-group differ- 
ences. I have not, however, computed the probable errors for 
any of the mean differences given in my tables. The number 
of size-group differences was so small (commonly 10 or less) 
that the probable errors would have had little meaning. The 

'®This ia really very simple; w— represents the vertical distance between 
any two corresponding points in a pair of curves under comparison, n and 
Being the numbers indicated at these points; (see foot-note 15). The sign I 
(icnotes the summation of a series of homologous values. 
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constancy or inconstancy of tficso difleiYMioos, as revealed l)y 
the graphs, furnishes a muoh bettor iudieatioii of the ivlations 
between these contrasted series. 

I have dealt at some length with this method of comparison 
by size-groups, because it appears to me to be a highly important 
one in studies of this sort, anti because it has, despite its i'xtrtMm* 
simplicity, received little or no attention in any of the familiar 
works on biometry. 

Another matter which demands some attention at this j)oint 
is that of correlation. Since this subject may not be familiar 
to some who could apply it very advantageously in tluar work, I 
shall preface my remarks with an elementary explanation of the 
correlation coefficient. The latter is a ineasure of degrei! 
to which the deviation of one part from its mean value entails 
the deviation of some other part from its nnvm value, Tfie two 
parts considered may be either two dilTerent organs in th(‘ sanu^ 
individual or identical organs in two related individuals. In- 
deed the same method may be applied to any two facts in nature^ 
which are suspected of varying coincidently. IVarsoids w(4l- 
known coefficient of correlation is expressed by the formula: 

/^{(iev X X dav if) 

r ^ 

U CTj. (T,j 

in which r is the correlation coefficient, dev x and dw if an^ 
the deviations of the tw^o members of an asso(‘iated pair <)f 
characters from the respective mean vailues of tho,se charact<M‘s 
in the population under consideration; n is the nimibc^r of th(‘S(^ 
pairs in the series; while the other two factors in the denominator 
are the standard deviations of the two characters.'^ 

I’he only feature of this formula of wliich the rea.soiuiblencss is not obvious 
is the inclusion of the two standard deviations in the denominator of the fraction. 
This is done in order that the deviations of o.aeh j)art shall not be treahtd as 
absolute values, but shall be expressed in terms of tlie vari;i,})ility of that [)art. 
A given deviation in one organ may be twice as great as that of another organ, 
but its significance is obviously not twice as grcJit if the varialiility of the ft^rmci- 
part is likewise twice as great as that of the i.Ttter. 'I he formula given jibovi! is 
really an abbreviated expression for: 

V-^ fdcr .r ^ r/r;r ?/\ 

/w \ (Tx ' (^1, ^ 
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In the multiplication of deviations, cases in which a pair of 
these have the same sign of course give a positive product, 
and tend to raise the value of the coefficient; cases in which 
they are of a different sign give a negative value and tend to 
lower the value of the coefficient. When the former cases 
outweigh the latter, the coefficient is positive, when the latter 
outweigh the former it is negative. The correlation coefficient 
may range in value from + 1 ( = perfect positive correlation) 
to - 1 (= perfect negative correlation), 0 denoting total ab- 
sence of correlation. The probability of obtaining a coefficient 
of exactly 0 is very small, so that low figures, either positive 
or negative, are to be regarded as of little significance, particu- 
larly when based upon small numbers. The probable error 
of the correlation coefficient is expressed by the formula: 

^ ^ 0.6745 (l~r^) 

V n 

in which r is the coefficient and n the number of related pairs 
upon which the determination is based. 

When bavsed upon adequate numbers, the coefficient of corre- 
lation enables us to state with confidence the mod prohahU 
deviation of one organ which will accompany any chosen devia- 
tion of the other, in the population with which we happen to 
be dealing. If, for example, the correlation between foot length 
and tail length is +0.5, the standard deviation of the former 
being 0.5 mm. and that of the latter 4.0 mm., a group of ani- 
mals having a tail length 10 mm. above the average will, in 
general, have a foot length 0,625 mm. above the average.^® 

In my own work the degree of correlation has been com- 
puted between every two characters measured. The labor of 

’®Tlus is solved by the equation: 

(Tx 

X = r ~ 11 

(Ty' 

(see Yule, 1911, 171). In the present instance x represents the abmodality 

of foot length sought, r the coefficient of correlation between foot and tail, and 
y the known abmodality of tail length, while the numerator and denominator 
of the fraction are the standard deviations for foot and tail, respectively. 



iNFLUENCEj HEREDITY. COURELVTIOX, CllOW'lH 


341) 


such computations was minimized by entering the deviations for 
every character of every animal alongside the individual nieasuri'- 
ments* the latter having been reeoi'dod upon sheets which were 
ruled both horizontally and vertioally. ]\Iiiltii)lications could 
thus be readily effected between tlu' proper tigures in any two 
columns, the multiplying (and simultaneously the summing) 
being carried out with a computing machine. 

In the study of correlation, wo again encounter difliculties 
which spring from the diversity of our stock in res[)ect to size. 
Suppose we wish to compute the cori’elation between tail lengtlj 
and foot length in a considerable series of nim\ \\> may i)rO' 
ceed in two quite different ways and obtain two (juito different 
values. In the first place, we may treat our entire series of 
animals as a single population, com])ute the averages for this 
series, obtain the deviations from these averages, and ])ro- 
ceed as above described. This will give us the correlation 
coefficients for the population as a whole, irrespective of size. 
It is such coefficients as these which chiefly figure in the tables 
given in the treatises on biometry, and 1 have myself (‘om- 
puted them for certain of iny scries of wffiite mice (tabh's 20 
and 23). But it seems to me that, however accurately ob- 
tained, such figures are commonly of secondary ])iological 
interest. For, to refer again to our illustrative case, the corre- 
lation between foot length and tail length, in a general i)opu- 
lation of heterogeneous size, results largely from the fact that 
both are correlated with body length, d'hat larger animals 
have, on the whole, longer tails and likewise longer feet is a 
platitude, and an exact mathematical expression for^ this plati- 
tude appears to the writer to be of distinctly minor importance 
for evolutionary science. 

AVe may, however, ask the question: Is a lonfjcr tail gener- 
ally associated with a longer foot, among indiiiduals of the same 
size/ 111 order to answer this question, 1 have determined the 
coefficients of correlation within the larger size-groups of cer- 
tain-of my series, thereafter finding the mean of these various 
group-coefficients. In this way I have been able to show that 
tail and foot length, and probably, indeed, any two characters 



350 


FKAiXCIS B. SUMNER 


among those measured, are correlated in the second of these 
senses (tables 21 and 22).^^ 

Besides intra-individual correlation, as above exemplified, 
we have inter-individual or genetic correlation, and this has 
been much used as an expression of the force of heredity. It 
seemed desirable that I should compute this for at least one 
character among those measured. In dealing with populations, 
so heterogeneous in size, it is plain that absolute measurements 
could not be satisfactorily employed.^^ For example, a long- 
tailed father or mother might have a brood of small offspring, 
possessed of relatively long, though absolutely very short tails. 
Neither is the method of size-groups adapted to this end. Fortu- 
nately, it was found that relative tail length (i.e., the ratio of 
tail length to body length) presented little, if any, constant 
differences throughout a series of individuals ranging widely 
in size. This figure was therefore used in computing my co- 
efficients of heredity. Despite the relatively small numbers of 
individuals available, particularly in the parent generation, an 
unmistakable positive correlation was established. Here, too, 
considerably different figures were obtained, depending upon 

The same corielatlons may, of course, be determined by the method of 
‘multiple correlation' (see Yule, 1911, chapter xii). Tliis method makes possible 
the inclusion of all the individuals in the population dealt with, wliich is, of 
course, a distinct advantage. In dealing with size-groups, it has seemed pre- 
ferable to throw out all groups containing less than ten individuals, a procedure 
• which results in a serious reduction in the available material. On the other 
hand, the method of multiple correlation is difficult of application, except by a 
person having considerable special mathematical training. As a matter of 
fact, the more familiar illustrative tables, giving correlation coefficients, par- 
ticularly for man, ignore this principle altogether. 

At least except for body length, and a computation of the coefficient of 
heredity for this character seemed hardly likely to repay the effort. That for 
stature in man, has, of course, been ascertained very exactly. 

For reasons of practical expediency, which need not here be detailed, I 
have based my figures upon the correlation bet^veen each of the parents and each 
of the offspring, taken individually. Students of biometry commonly either 
choose one of the offspring arbitrarily from each fraternity, or take the latter 
itself as a unit, using the mean value of the given character for each fratern- 
ity, as a basis for correlation with the parents. My figures for these coeffici- 
ents are therefore not entirely comparable with those obtained bv other in- 
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the inclusiveness of the groups whieli were treated ns single 
populations in the computations. But this ])]ins(' of the sul)- 
ject fnay better be treated along with the results, ratliertlian 
under the head of methods. 

In concluding this brief statenieiit regarding correlation, 
it is only fair to remark that the subject is beset with pitfalls, 
and that the existence of even a large and statistically reliabh' 
coefficient does not invariably imply a biological fact of an\- 
real significance. The investigator must continually be on his 
guard against these errors of interpretation (p]n 409-420), 

GENERAL HISTORY OF TllJ': STOCK 

III table 2 are represented the relationsbijis among the varioiis 
lots of mice employed in the present experiments, and briefly 
the disposition of each lot, The generation designate! 1 by 
the letter A represents the original stock of adult, oi* nearh- 
adult animals which became the parents of the first experimental 
generation (Bi), as well as of two other lots (B. and B^), whi(*h 
were not used for further breeding experiments. The males of 
the A generation were 4 to 5 months old when received. Ilu' 
females being 5 to 7 months old. 

This original stock, consisting at the outset of nearly 250 
mice, were divided into two portions, destined to bcconu' tin' 
parents of the warm- and cold-room sections, respectively, of 
the generation to bo modified through tom pe rat lire. In mak: 
ing this partition of the 'A’ mice, the two lots were systtv 
matically divided so that the a\Trag(? weight and tail length 
might be approximately equal iu tlio two. 1 attach very littl(‘ 
importance to such a partition of the stock, however, sino(; by 
no means all of these mice became parents, and the mean char- 
acters of those which did might not ha\a; been identical in th(^ 

vestip^ators. It will be seen, tijat tfie rnolhod wlucii 1 liave eiriployod virtuall\ 
weights the results on the basis of parental fertility. In a suflicicntly large 
scries, however, tho coefficients obtained in these <]ifror('nl ways would be pr.reti- 
cally the same, except in the event that the corrcTition tended to be constanth 
greater or less for the larger broods thnn the smaller ones. We have no reason 
for believing simh a condition to obtain. 
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TABLE 2 

Generations oj mice employed in experiments of 1910-1911 

A 


B Bj Bj 



A Original lot, received October, 1910 (49 males, 197 females), supplemented 
by 27 males, received January, 1911. After the birth of the first offspring (Bi), 
these mice were divided into two lots and placed in the same rooms (warm and 
cold) as their young. 

Bi First offspring of A lot; median dale of birth November IG, 1910. Num- 
ber reaching age of 50 days (time of first measurements), 322. Of these, 142 
were reared in the cold-room, 180 in the warm-room. Of the warm-room lot, 
122, constituting the ‘a’ section were transferred immediately after birth to 
the warm-room; 58, constituting the ‘b’ section, were first kept for 2 weeks in the 
cold-room. 

Bo Second offspring of A lot; born March, 1911; number of these so small and 
mortality so high that they were not saved for further breeding experiments. 

J'hird offspring of A lot; median date of birth April 27, 1911 ; number reared 
to the age of 50 days, 157. Of these, 107 were born of parents which, after reach- 
ing maturity, had been kept 3 to 5 months in the co^d-room, while 50 were born 
of parents which had been kept for the same period in the warm-room. 
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Cl First offspring of B,; they wotr bom at tbr saiuo riiiu' as !l., aiul for tlio 
samo reasons were not measured nor kept for linHaliug eNjirrimonts. 

C 2 Second offspring of Bi; median data of l)n|}, April lOU: number wbieli 

were reared to age of 50 days, lotb Of fU were born of parents uideh 

had been reared from birth in the cold-room. 05 being born of jiarmils wbleli 

had been reared in the warm-room, The mic,. wtn-o, liowcver, euuct'ued and 

reared in a common room, the tcinjH'ratnri' dilTcrence.s ha\ ing Ix'en diseonlimii’d 
at the time of the mating of the ]>arenls. 

Cs Third offspring of Bi; median date of birth Bine AS. 1911, or U' works after 
discontinuance of temperature differences. The number horn of cold-room 
parents, which reached the age of 50 days, uane lAl, tlie mnnbm' of warin-rootu 
parentage being KM. 

Cl Fourth offspring of Bi; median date of birth August Hb, 1011, or nearly 5 
months aftej discontinuance of temperature differences. Numlter of ciild room 
parentage reaching age of 50 days, US; number of warm-room parentage, ‘Hb 

two sections."- Furthermore, only \voig;lit juul tail leiig;th wer(‘ 
considered in this connection. 

The Bi mice, which underwent (li\A'rg;eiit modification as the 
result of temperature differences, eonstituted the parent j^en- 
eration, as the term is ordinarily em])loyed in brce(linj»: experi- 
ments, the four successive broods of ‘C’ mice representing^ the 
first filial generatioir (Tf in the eur;’ent phras('olooy). Of 
the Bi mice, there were born in all 121 litters. Of tliese BI 
entire litters died early in life. A still further reduction oc- 
curred through the death of many indi\'idual members of 
surviving litters. That any selective elimination resulted 
from this mortality, of a sort which aeeounted, in any degret*, 
for the differences which Avere later found to exist lietweeri 
the two contrasted lots of mice, or their offspring, might, of 
course, be maintained as an academic proposition, but 1 think 
there is nothing to justify it. The mortality occurred in larger 
part during intra-iiterino life, the young being born (lead, befor<‘ 
the mothers were transferred to separate rooms. And a largi' 
part of the remaining deaths were due to the young being born 
in an enfeebled condition, not fitted for survival in any en- 
vironment. As regards the greater pari of the mortality, there- 
fore, it is impossible to see how selection could havc/“''^^at(Ml 

As a matter of fact, the}’' agrood ])t‘ott 3 ' closely, us will upjxuir from t.ubb' 15. 
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in the way suggested. It could conceivably have done so, 
however, in the case of such animals as died during adolescence, 
though the possibility that any of the results here to be described 
are thus accounted for is, I think, very remote. 

During iny first two years^ experiments of this sort (those 
of 190G and 1907) I adopted the plan of dividing each litter 
belonging to the B generation into cold-room and warm-room 
halves respectively. Thus the two sections of this lot of mice 
would agree more nearly in their mean hereditary characters 
than if they had been taken at random. This procedure I dis- 
. continued as not worth the additional trouble involved. To 
have the warm- and cold-room lots agree in their mean heredi- 
tary composition (or rather, in their parentage, which is quite a 
different thing) would be of avail only* if all or most of these 
animals became parents. Otherwise, the two lots to be com- 
pared in the next generation might differ considerably in ances- 
try. The question whether the structural differences which 
were actually found could have been due to such differences 
iti ancestry has been referred to above (p. 332) and will be 
considered again later. 

In table 2 the fact? is noted that the warm-room section 
of the Bi lot of mice was divided into two portions (^a’ and 
‘b’), one of which was transferred to the warm-room, immedi- 
ately after birth, the other being first kept for two weeks in the 
cold-room. This was done in order to test the question whether 
the germ-cells might not be directly influenced by temperature 
during that earlier period of life when the temperature of the 
body varied widely with that of the atmosphere. Unfortu- 
nately, the number of individuals in the division (^b’), which 
was kept for a time in the cold-room, was not sufficiently great 
to insure an adequate number of progeny. The unsatisfac- 
tory, though interesting, data from this experiment are discussed 
below (pp. 402-404). 

Since, throughout my breeding experiments, one male was 
commonly mated with several females, a considerable proportion 
of the Bi males were killed and measured at the age of four 


Vide Sumner, 1013, pj). 3*44-351. 
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nionths. In. selecting the moles to be used for breeding pur- 
poses, the largest (heaviest) member of each litter was taken, 
the others being relegated to the group of ^superfluous males’ 
and killed. Such a selection, feeing a ]) plied ec|ually to the 
cold-room and warm-room sections, can ha\’e had no inlluence in 
determining the differences to be considered later. 

After some months’ residence in the cold and warm rooms, 
the mice of the A generation were united again. This was done 
simultaneously with the fii’st mating of the lot. It was 
believed that such an experiment would furnish a test of the 
question whether the effects of the temperature conditions 
would be cumulative from generation to generation. 
resulting offspring would, in each case, be reaixal in the sam(‘ 
room as that in which their parents liad beiMi kept, 'idie latei- 
offspring of the A lot would serve as a control, for comparison, 
with these offspring of the Bi lot. Th(> first would he modi- 
fied by environmental agencies only (assuming tiuit the treat- 
ment of their parents during adult life counted for nothing). 
The second, on the other hand, miglit gi\'(^ evidence of a. luu'it- 
age from their parents, in addition to these purely somatic 
modifications. 

The resulting young (the B. and (b lots) ^\’el■e not ixvired 
in sufficient numbers to test this point. This was din^ to thi‘ 
generally high mortality, both prenatal and post-natal, of all 
these young, aggravated by the fact that during this piu’iod of 
the year, many of the cold-room broods succumbed to the low 
temperature of the air. (Many of the young, esjiccially those 
of warm-room parentage, were puny and ill-d(n'clo])ed, being, 
in many cases, very scantily clad with hair. Some of those 
animals remained pink and nearly hairless, even after their 
ayes were open and they had begun to wander forth from their 
nests. Others had curious hairless patches on an otherwise 
well-clad body. In the case of one young mouse, there was 
a pink stripe on each side of the face, extending through the 
region where the vibrissae should have been. In some in- 
stances, at least, these bizarre effects were not permanent, 
the hair appearing during later stages of growth. These con- 
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ditions, shown by the second generation exposed to high tem- 
perature, suggest some of Przibram^s results above cited (p. 
333). I was, myself, disposed at first to attribute them to 
the cumulative action of heat during two generations. But 
the force of this conclusion is shaken by the fact that similar 
individuals — though fewer in number and less striking in ap- 
pearance — were found among the Bs lot (i.e,, the offspring of 
A parents) and even in the cold-room section of the Cj lot. 
Most of these thin-haired mice were undersized and appeared 
to be poorly nourished, so that the condition of their pelag(‘ 
was not unlikely the result of mal-nutrition and not to any 
specific effect of heat."^ 

None of the mice were mated again until after, the discon- 
tinuance of the temperature conditions (April 4), when they 
were transferred to a common room before being paipd. The 
resulting lots (B^ and Cs) were born at about the same time, 
and were kept together under identical conditions up to the 
time of being killed and measured (50 days). The C 2 mice 
were the offspring of parents which had been modified through 
temperature conditions; the B 3 ones were the offspring of parents 
which had been exposed to the same conditions, throughout the 
same period, but which, having been nearly or quite adult 
at the outset, underwent little, if any, modification. A com- 
parison between these two lots of young was therefore believed 
to be highly desirable. 

The A mice were not paired again, but the Bi lot were mated 
for a third and fourth time. The last of these occasions was 
about four months after the discontinuance of the temperature 
conditions. 

I have already referred to the fact that both the prenatal 
and post-natal mortality of certain lots was very high. As 
an instance of this, I may cite the case of the C 2 lot, in which 
the total mortality, up to the age of 50 days, was about 60 per 
cent for the offspring of the cold-room lot, and about 80 per 


•' 1 have, at other times, observed ‘runts’ which were scantily clad with hair, 
\mder circumstances where temperature could have playe{i no part as a cause. 
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For tail and foot length, this ^vns plainly true, thoiigli the de- 
gree of modification was greatly rediKani in the second genera- 
tion. ' As regards weight ami ear length, howcvt'r, thfM*ase is 
much less evident, and some at lent ion may therefore he given 
to them at this point. By weight 1 he]-(' refer to re]ati\’e weight, 
as seen in comparing animals of tlie same body length. As 
regards absolute Mmight, there would seem to I'x* no general 
law, either in parents or offspring. It was found that in tli(‘ 
parent (BO lot of 1910-1911. hoih in the males and feniah^s, 
the relative weight was great(M- for tlu‘ warm-room animals 
(pp. 365-368). This condition agr(Ms, therefoir, with that found 
in all of the lots of offspring (( (’j juid ( p. Jhe ejimlition, 

in this respect, of the parents of ilio Mipp lot, oamml be stated, 
since their. body length was not dctianiimHl. [n the results 
of an ea|iier year (1907-190<S), tlie figures for the (wo se.\es e{mtra- 
diet one another, and it has also been seen tliat in the ease of 
those males of 1911 which were killed at the age of 4 months, 
the cold-room individuals weiv th(‘ heavi(‘i’. 

While, therefore, we can find no evi(I(‘nee of any smh gtmeral 
agreement in the effects of temperature upo?[ Ixxly weight as 
was found in the case of tail and foot length, it is of possihh? 
significance that a lot which coni|)i‘ised the pairnts of tiua'e- 
fourths of the Fi offspring here diseuss(Hl showed, in both sexes, 
the same differences as their young. 

The existence of any constant effect of t('mp(‘rntun‘ upon 
the ear length of the parent generation is twaMi less certain 
than that upon body weight. In tluv experinnmts of 1916 191 1 , 
we certainly have no good e\'id{‘nc(‘ for such an effect.. 'rh<‘ 
figures in tables 4, 5 and 6 contradict one anotlHW, ami in no 
case are the differences large; eiiougli to !)(> signiheant. Slight 
indications of a greater ear kmgth for animals reared in the 
warm-room were noted during the experiments of an earlier 
year (1907-1908), and a seemingly coin incing casi^ was f)bserved 
in the spring of 1909. Grajilis for this last are .shown in one 
of my previous papers (TO b, iig. 4). This last is the only 
case having any considerable statistical certainty, but it is to be 
noted that we are liere dealing with nnimah irhose parrMs had 
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likewise been subjected to temperature differences. It is not 
altogether certain, therefore, that even here these differences 
in ear length resulted from the direct effect of temperature con- 
ditions upon the animals after birth. 

It is true that some writers have pointed out a difference 
in ear length between northern and southern races of certain 
mammals, or between desert forms and those inhabiting a more 
humid climate (see my paper of 1909). While this fact is highly 
suggestive, it has never been shown that these differences resulted 
from the direct effect of environmental conditions acting in a 
single lifetime.^ 

Despite the lack of any certain modifications of ear length 
in the parent generation, differences in the mean length of this 
organ were shown by the offspring of warm-room and cold-room 
parents, which were of about the same magnitude as tho^ shown 
for foot length. Indeed, it it seen in table 14 that these dif- 
ferences in ear length are of the same sign, without a single 
exception, for both sexes and for all four of the Ih lots of mice. 
This degree of unanimity is not found in the case of either tail 
or foot. 

It may with justice be urged that we can have no inlierit- 
ance of an acquired character,” when, the character in ques- 
tion is not actually acquired, or even evinced, by the parents 
themselves. And, indeed, this case of the ear length of my 
Fi mice tells rather heavily against the view that the peculiari- 
ties of this generation resulted from any specific influence exerted 
by the modified parts of the parent body upon the corresponding 
parts of the offspring. 

The subject of correlation, to be discussed more fully later, 
still further complicates the present problem. For, as will 
be shown below, all four of the characters in respect to which 
the cold-room and warm-room descendants differ from one 
another are i)ositively correlated, at least in young mice. This 
fact gives some support to the view that these various dif- 
ferences in structure between the twm contrasted lots of animals 

1 have in progress some experiments with wild mice of the genus Peromyscus 
which, I hope, will throw some light UDon this and related subjects. 
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are all merely expressions of sojue ^:eiicral coustitutioualdif- 
ference. And the transmission of such general constitutional 
differences, even when individually acquired, is hardly in doubt. 

But whatever interpretation lie ^iven to these results. th(‘ 
central fact must not be overlooked that tlie offsprin^^ of two 
groups of parents which had be(ai modified in divergent direc- 
tions by differences of atniosplicric temperature tmd humidity, 
presented certain characteristic ditTerenccs, and that some, at 
least, of these differences agreed with tliose shown by the parents, 
in sign, if not in amount. Jut tie light has b('eii tlirown upon 
the mechanism by which this repetition of parental differences 
has been brought about, but there are circumstances wliicli do 
not favor the view that we have to do with a speciti(‘ (part-for- 
part) influence of soma upon germ. Tliere may. nom' the less, 
have beei an influence of a sort capal)le of acting in a cumulative 
manner from generation to geiioratioii. and of producing exten- 
sive racial modifications. 

As often happens in a research of this kind, various inci- 
dental results or by-products have been ol)taiu(Hl, which have 
uo bearing on the main is.sucs under consideration, but whicli 
are none the less of interest. Some of these will be discussed in 
the following sections. 


VARIAIUIJTV 

1 have given very little attention, in these studies, to the 
subject of variation, as such. Standard deviations hav(‘ been 
computed, to be sure, but this has been done chiefly as a st(3p 
to the computation of probable errors and of (*orreIation coeffi- 
cients. These standard deviaijons ha\a‘ been inciu{le<} in many 
of the preceding tables. In tabh* 10, 1 have gi\'on the aver- 
ages of the standard deviations obtained for the sanu' characters 
in the various series of animals. Since it was thought that th<3 
variability of the younger animals measured might differ from 
that of the older ones, a sepai’ation into oldei’ and yoimgcu’ lots 
has been made. Under each of these licads two sets of figures 
have been given. One of these represents the average varia- 
bility of the various characters in populations heterogeneous 
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TABLE 19 

Standard dfMations of mea^uretnents, representing variabitilyy both in general 
population, and within groups homogeneous in respect to size 




\VEIf;HT ^ 

BODY 

LENGTH; 

t 

T.ML 

ABSO- 

lx;te 

FOOT ; 

Ear 



gm. 

m,„. 1 

m m . 

m m . 

mm. 


iNIeans of standard devia- 


1 




! 

Younger ! 
animals \ 
(50 days), j 

tions, based upon entire 
' lots* 

Mean.s of standard devia- 
tions, ba.scd upon sizc- 

2.3<S5 

i 

5.522 

5.336 

0.6386 

0.5375 


groupst 

' 0.872 

0.518' 

3.421 

0.4811 

0.3474 

j 

Older ani- i 
mals (3 1 
mouths to > 
fully ma- i 
ture) ; 

Means of standard devia- 
tions, based upon entire 
lotst 

2 .893 

3.872 

4.870 

0.5915 

0 .^956 

i Cleans of st.andard devia- 
tions, based u[)on ,size- 
: groups § 

1 . 566 

0.514 

3.416 

0.4729 

0.4418 


* Hs, Co, and Ci lots, comprising 5-7 individuals, liere included, the warm 
and cold-room sections, and the males and females, being taken separately, as 
in the foregoing tables. 

t Seven groups from the lots last named, comprising 76 individuals, here 
included. 

t A, Bi (.superfluous males and adult females) and (at 3 months) lots, com- 
prising 540 individuals, here included. 

§ Fifteen groups from the lots last named, comprising 229 individuals, here 
included. 

in respect to size. These figures are merely the (weighted) 
means of the standard deviations given in the previous tables. 
The other set of figures consists of the averages of the stand- 
ard deviations for size-groups, i.e., they represent variabilities 
within groups nearly homogeneous in respect to size.^*^ The 
latter figures are, as might hav^e been expected, in all cases 
smaller than the former. But the differences (save for body 
length, on which the size-groups are based) are much less than 
)ne might perhaps have predicted. The greater general varia- 
)ility of the younger animals, as compared with the older, is 
;een to result mainly from the greater variability in body length. 

Two-inillimcter intervals were used in grouping the animals. Only those 
ize-groups wore included in the present computation, s which contained ten or 
aore individuals. 
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Refereuce has already boon made (p[). 348-350) to (lu‘ two 
types of correlation which may be distiii^uislied. In the one 
case, we may obtain correlation coetiieieiits for general popula- 
tions, i.e., for masses which are heterogeneous in size, forrt'la- 
tions between two characters, as thus determined, are partly, (U’ 
even wholly, due to the fact that both characters are (‘orn‘- 
lated with general size of body. In tiie second, we may ob- 
tain correlation coefficients for groups which are homogeneous 
in respect to body length. (Correlations thus dctenniiKHl ob- 
viously have a much greater biologi(‘aI interc'st tliau those of the 
first class named. 

Ifi table 20 are given coefficients Ixdwoen evei-y two char- 
acters which were measured, obtained in the first way stated. 
Relativcly few of the animals were included in tli('s(‘ compu- 
tations, since the task is a very laborious oru' and th(‘ results, 

I believe, are of secondary biological interest. It will be seen 
that, with a single exception, all of separate coefficients re- 
tained are positive, while in the one exce[)tional case the co- 
efficient is practically zero. The means of tlie columns are in 
all cases positive, ranging from 0.133 to O.SOO. The grand 
average is 0.429, a figure which is lower than most of tho.sr^ given 
by Pearson (’00, p. 402) for imui. 

Despite the small numbers of individuals coJiecrned, the 
relative magnitudes of some of my figures are doubtless sig- 
nificant. For example, the greatest degree of coirelation found 
was that between weight and body length. 

The correlations which were found to obtain within gioups 
of individuals of approximately tlie sanu^ size are presented in 
tables 21 and 22.-'‘ Animals of nearly all of my cxpcrmieiilal 
lots were included in these computations. 11 was soon noted 
that, in respect to certain of the cases of correlation, the youriKev 
animals showed on the whole marked differences from the 


e This grouping i.s a liltle arbitrary in crrtain i-usos. llio t, an,l I ho l.X. 
mice (3 to 3J months okl) h.ave bi'cn indnrlcd in the 'iiiimalnre group, " ' ' ^ 

small number of ‘superfluous males’ of the It. lot H mmitl.s ol.l) «u,. indu-lcl 
in the older group. 
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older ones. The figures for the two groups have therefore been 
separated into two tables. 

A comparison between tables 20 and 21 is highly instruc- 
tive, though we must make this comparison with some caution. 
For the series of anirnals comprised in the two tables are not 
identical. As already stated, only those size-groups have 
been considered in my computations which contained ten or more 
individuals. Thus, about 100 of the animals included in the 
first table have been excluded in the second. 

It will be noted at once that in every single case, in which 
comparison is possible, these values in the second table are 
lower than those of the first table. Indeed in two cases (those 
of tail and weight and of tail and ear) the sign has been reversed. 
In these two cases, particularly the first, the high proportion 
of negative figures in the respective columns indicates a prob- 
able significance for the sign of these averages. If we com- 
pute the mean value of these correlation coefficients in the 
second table and that for the same ten coefficients in the first 
table, we have + 0.095 and +0.371, respectively. In other 
words the correlations which were found among animals of 
approximately the same size were scarcely more than a fourth 
of those obtained when general populations were considered 
irrespective of size. Of course the numbers of individuals which 
I have used are so small that we cannot rely upon any such 
exact ratiovs, but the overwhelming preponderance of one figure 
over the other cannot be accidental. Indeed, a considerable 
difference between these two figures is to be regarded as a 
mathematical necessity. 

Passing to table 22, giving correlation coefficients for the 
younger animals after division into size-groups, we meet with 
the rather surprising fact that the correlations shown by these 
younger mice are very much higher than those shown by the 
older ones. Likewise, the mean values arc now in all cases posi- 

We must also mention the (perhaps unfortunate) inclusion of the ‘super- 
fluous males' of the Ri lot, which were not previously taken into account, but 
which arc included in table 21. There are, however, only 12 of these animals, 
so tliat they could have little effect in determining the averages. 
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tive. The grand average of tlie tea eoolfuaeiits is liere iim, 
a figure between 3 and 4 tiiiKs as groat as that for the older 
animals, when the lattei \seie similarly divitled info si>;('-groups, 
and indeed not far below that for the older animals when t'reated' 
as general populations, irrespecti\ (^ of size. I liav(^ shirked the 
immense task of obtaining the eoiTelatipn coeflieients for all 
these series of younger animals, according to the other method 
of computation. But this has been done for one lot, tin* (\| 
lot, which affords a good basis of comparison betwi’eii the cor- 
relation coefficients obtained for the younger animals, accord- 
ing to the two methods. In table 23, the eoi'llieieuts are given 
separately for the 'warm’ and ‘cold’ sections and for the two 
sexes of the C 4 lotsj likewise the averages (or tliese four groups. 
It will be readily seen that the co(4ncieuts are very much 
higher than in table 22. The mean of all the figures in table 
23 is 0.737, as compared with 0.33(), wlaai the aipmal.s were 
divided into size-groups. The latter figure, it is true, is the 
mean for all the series of younger mic(‘. Tlu^ (’, lot is repre- 
sented in table 22 by only four small siz(‘-grou])s, comprising 
43 individuals. The mean of the coefficients for tlu'se alone is 
0.344, a figure which agrees pretty closely with tliat for table 
22 as a whole, and is less than half the m(‘aii for tabh' 23. 

Summarizing our data for intra-individual corn^lation, we 
may say ( 1 ) that the coeffieients are from two to four times 
as great when they are based u])()ii genei-al iiopulations as when 
they are based upon groups of approxdniatel}' <Mjual size; ami 
( 2 ) the younger animals show a much highei* correlation (com- 
puted by either method) than do the oltler om^s. Indeed, certain 
coefficients which are positive for the formei- are negative for 
the latter. The meaning of the st'coiid fact is (piite ini intel- 
ligible to me at present. 

Another type of correlation, which I have ti’(‘ate(l* in a very 
inadequate mw, is that between parents and offspring. The 
measure of this has been termed by Pearson the “coefficient of 
heredity.^^ Tor reasons already stated fp{». 350 -351) the only 
character for which I have com])ute(l “coefficients of heredity” 
is relative tail length (ratio of tail length to body length). 
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Here again, I have employed t\v,) difiVi-ent methods in com- 
puting the coefficients, and with unlike results In (he liixi 
place (table 24), the parents of each sex have l.een thrown 
together to form single populations. Tliat is, the cold-room 
and warm-room lots have been combined, and the avera-es 
and deviations obtained for these aggregations.. The .saim' has 
been done for the offspring. Not only liave those of col.l-ro.mi 
and warm-room parentage been aicragcd together, hut tlmse 
belonging to the C^, (% and (’, hits. The sexes. Iiowever, both 
among parents and offspring, liaie birn treated separately. 

Objection may be made to this mellmd of treatment, on the 
ground that it is not legitimate to comhine as single |)o|mlalions 
animals which differ as widely from one anotlier as the coKi- 
room and warm-room sections of the parent lot. In fact, the 
occurrence of an apparent '■correlation due to heterogencily 
of material can be mathematically demonstrated , (si'i' ^ nie 
'11, pp. 214-215). The validity of this objection is in large 

■niii.K -ji 

‘^Coefficients of herf.dihj'' (fibol-pavcntal ru>;rloliou\ bo.srJ npun nlatirt Uu\ 
length. {In the comptdalion of (hc.'^c nxffir intis, (he nthre A'j (ol, 'rvld' anti 
‘warmf has been treated as a single popidution. lAkunsi the three (' ln(s hire 
been averaged together, withont disHnetio,, as h Puld' ur ' tvarw' parentage. 
The. sexes have, hourver, been treated seiniralelu)* 


IMale parents and male olTspriiig, 

•ifil 


*0.01! 

Male parents and female offspring 

2()H 

fo.^oo 

*0,040 

Female parents and male offspring. 


I 0 220*0 040 

Female parents and female offspring. . 

J.fO 

i (1.2()S: 

4(1 040 

Hfean 


f 0 200 



* As already statotl, T have, fiir reu.sons of (‘Xpediency, iisnl all the otTspriii}!: 
of a bruod, taken individuallg, as units in (‘om}m(iii^- thest* coellicii'iit.s. 'I’lie 
more usual and justifiable procedure is to use I'itln’r !i siiurle iiKuulier of eaeli 
brood, chosen arbitrarily, or the mean of eacli brooti. '1 lius the figures lierc 
given are not quite comparable with similar eoefliOicnt.s wliich hav(‘ been ul)- 
taiuod by others. Bilt they art' strictly comparable with thosi' in (he nevf 
tabic, which is the essential thing for our jinhsiml jmi'ifosi's. For tin' |•l•a,'>•ot 1 ^ 
just mentioned the probabloerrors of this tahlc,*h:i\ (' tio1 the same signifit ant e as 
those ordinarily obtained, being doubtless lu-it h,w. 
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degree conceded, and I hasten to explain that this first method 
of computing the correlation between parents and offspring 
has been employed only for the purpose of comparison with a 
second, more justifiable method. We may ask, however, whether 
the procedure which I have adopted in the first case is not 
that which is ordinarily employed in computing ‘‘coefficients 
of heredity. Individuals of very diverse environmental 
history (which might readily be divided into two or more groups 
with \^arying means) are lumped together as a single ‘popu- 
lation,’ and correlations are determined between these and 
th(‘ir offspring. Now these parents display a variability of 
two-fold origin. An important part of it is, of course, of 
germinal origin. But another part has none the less cer- 
tainly been due to differences of environment, acting during 
growth. In cases where there is a tendency for the offspring 
to be subjected to the same environmental influences as the 
parents, it can hardly be doubted that a part of the correlation 
found to obtain between them is due to parallel somatic modi- 
fications. In my experiments, however, parents of two groups 
were exposed to diverse environmental influences, while the 
offspring, without regard to parentage, were exposed to iden- 
tical influences, so far, at least, as these specific factors were 
concerned. Accordingly, if the offspring of the two con- 
trasted lots tend to diverge in the same direction as their 
parents, the correlation coefficients, computed as above indi- 
cated, will be larger than they will be when the cold-room and 
warm-room sections are treated as separate populations. For, 
by the latter method of treatment, the coefficients will ex- 
press, much more nearly, the correlation with respect to char- 
acters which were of germinal original in the parents, while 

the former method, correlation in respect to the induced 
differences will hkewise figure in the results. 

A comparison of tables 24 and 25, based upon the two methods 
of computing these coefficients, shows at once that this ex- 
])ectation is realized. Not only is the grand average greater 
in the former case than the latter (0.200 and 0.142 respectively) 

Save fov the fact iiKlieated in tlie foot-note to table 24. 
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“Coe^cxenis of heredity'' ifiUol-pan iihd vurnl,iCian); hast'd upo„ rtdolivc tail 
length, {Here the cold and u-Linn svcttiut-^, tnitJi of parents and offspring^ hate 
been iTcated separately, and the three C A)/,s Itare nni been eomhined). 
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j cold 

• 42 ! 

-fO.34 

4S 

+0.20 

■11 

+0.30 

■10 

+0,31 

i warm 

30 
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Cl lot -fO.TiO 

Cslot....! H) .:'(),■) 

C^lot +{K1(M) 

Cold 

Warm -f 0,05 1 

Parents and offsprinii! of* same sex H-0.I27 

Parents and offspring nf opposite sex., . . . -t0.15X 

Grand average H-0.142 


but this holds true for each separate correlation measured, 
i.c., male parents and male offsprin^r, male parimts and female 
offsprinjr, etc. The probable errors are, it is true, hij^h, owing 
to the relatively small numbers of animals com prised. * ihit 
the coincident testimony of these fotir sets of tiguri's indicates a 
considerable degree of probal)ility. 

Since we had independent (evidence rd a g(‘neral Uaidency 
toward the reappearance of these parental modiheations of tail 
length in the next generation, it could, indeed, have been pre- 
dicted with considerable certainty that sucli a relation would be 

They are, in reality, higher than tlivisc given in table 21 foot-note to 
tatter, pp. 417,419). 
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found between these two sets of figures. But it must here be 
insisted that these coefficients represent correlations merely, 
and not necessarily heredity in any restricted biological sense. 
As to the cause of these resemblances between parents and off- 
spring, they throw no additional light whatever. The question is 
pertinent, however, whether the various ^^coefficients of hered- 
ity” which have been computed so frequently ^ay not represent 
in part correlations in respect to somatic modifications, and not 
entirely correlations in respect to germinal differences, as is 
frequently assumed. This would be particularly likely in cases 
where the filial environment tended on the whole to agree with 
the parental, while the various parental environments displayed 
a considerable diversity among themselves. And does not such 
a condition hold true very largely for the human, race? 

A knowledge of this ^^coefficient of heredity” enables us to 
calculate roughly the degree of selection which it would be 
necessary to apply to a parent generation, in order that the 
mean of a given character in the offspring should be altered 
to a given extent. For example, we find from table 12 that 
in the C 4 lot the mean relative tail length of the warm-room 
section is greater than that of the cold-room section by 3.5 
units (hundredths of the body length). Now, assuming a 
standard deviation of 5.0 for this character in the offspring 
(the mean of the 4 figures in the table), a standard deviation 
of 3.6 for the parents of either sex (this is actually known for 
the females only) and a correlation coefficient of 0.14, we find 
that in order to obtain a difference of 3.5 in the offspring, we 
must select two lots of fathers or mothers which differ by 17.9 
units. Even if we allo\v a coefficient twice as great as that 
actually computed, and suppose that both fathers and mothers 
be selected, it is plain that the two groups of parents must 
still differ verj^ wddely in their mean (potential) tail length in 
order that we may obtain by selection alone such differences 
as were found between the two lots of C 4 offspring. The dif- 
ferences, indeed, would have to be greater than even the actual 
ones wffiich were produced by temperature. 

To what degree, if any, the differences are clue to the mere fact of greater 
heterogeneity of material/’ resulting from the iiielliod of computation (pp- 
41.5, 417) I .am unable Ix) state. 
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(HUnVTII 

In a former paper (’09), I called attention to the fact 
that the differences in tail lengtli which were experimentally 
produced, as a result of temperature differences, diniinislied 
unmistakably during further grbwtli, and that this diminution 
of the original differences oociirred, even when the environmental 
differences persiSkd in full force. Additional data on tliis 
subject are presented in table 20’. Here the absolute and 


TABLK 215 

GrofVth heivieen first and second measurements; [comparison 6‘aw’et-7J cold and 
warm toLs) 



relative increase in respect to weight, tail length and foot 
length, and the absolute increase in ear length, arc given for 
the periods which elapsed between two sucta-ssive measure- 
ments of certain mice. By relative increase is meant the in- 
crease of the second figure over the first one, considered as a 
nercentage of the first. Since the mean absolute values for the 
'cold’ and ‘warm’ groups differ somewhat, the relative fighres 
are the more instructive. 


THB JOURNAL OP EXPEHIJIBVT.il. ZOurJ.Ki V, vnr., 
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Turning to the ^superfluous males/ it will be seen that the 
tails of the cold-room section underwent a relative increase 
of 15.12 per cent, as compared with 12.85 per cent for the 
warm-room section. That is, the more retarded parts have 
grown faster. Reference to figure 1 shows that during this 
period there was no diminution in the temperature differences. 
For foot length, the difference in rate of growth is slightly in 
favor of the warm-room animals, so far as is indicated by these 
averages. But it is to be noted that the amount of increase 
in either case has been insignificant, being in both instances 
considerably below 1 per cent. In fact, an examination of 
the individual cases (not here presented) shows that growth 
in foot length had very nearly ceased at the age of 50 days, 
the feet of certain animals actually seeming to show a slight 
.shrinkage after that time. For ear length, likewise,' the dif- 
ference in the rate of growth is in favor of the warm-room 
animals, but here too this difference between the lots is very 
slight, and the absolute growth in either case is small. 

For the next two lots of mice comprised in the table, it is 
again plain that the tails of the cold-room animals have grown 
faster during the interval between the measurements than those 
of the warm-room animals. The ^time intervals are consider- 
ably longer here than in the first case, including first, a period 
during which the temperature differences persisted undimin- 
ished, second a period of diminishing temperature differences, 
and third (after April 4) a period when the two set^ of animals 
Avere kept under identical conditions. It is likely that most of 
the growth which occurred between the two measurements took 
place during the first of the periods named. For foot and ear 
measurements, the relations, as in the preceding case, are prob- 
ably of no present .significance. 

The increase in weight, in the three lots, does not seem to 
ha\'e followed any intelligible rule. In one case, the two sec- 
tions have increased at an equal rate; in another it is the warm- 
room animals which have growm faster; in the third, it i^the cold- 
room animals. 

While, therefore, no instructive results are evident from a 
consideration of the figures for weight, or the length of foot 
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and ear, we find conditions of decided sig;nificaiice in the case 
of tail length. 

Unmistakable evidence has beeji given tliat the shorter tails 
of the cold-room animals grew consideraldy fastoi' than the 
longer tails of the warm-room animals. The case of tlic first, 
at least, of these lots of mice is proof tliat this levelling down 
of the original diferences occurred while the external cause of 
those differences persisted in full foi’ce. 

Mmot (’91) has shown for guiuea-])igs that “any irregularity 
in the growth of an individual tends to lie followed by an oppo- 
site compensating irregularity,” This conclusion was based 
upon studies of body weight, and the irregularities referred 
to were not experimentally produced, but were familiar phenom- 
ena of variability. In the preceding paragraphs I have dealt 
with the levelling down of the artitieially producfnl differences 
between the cold-room and warm-room animals of my stock. 
The question of differences among the aninuds of the same series 
has not thus far been considered. 1 anp howev(‘r, able further 
to illustrate this principle of compensation by comparing the 
rate of growth in longer and shorter- tailed individuals exjiosed 
to the same conditions. The results arc given in table 27, 


TABLE 27 

Growth in tail length between first and second measurements; {eompuraln'c rates of 
growth of longer and shorter tails in animals of each fwt) 
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which, it will be seen, are in cbmplete harmony with Minot's 
principle. In each of the six^pairs of figures, that representing 
the growth of tails of less than average length is greater than that 
for tails of more than average length' 

RELATIVE CONSTANCY OF RATIO BETWEEN TAIL LENGTH AND 
BODY LENGTH 


For reasons already stated, it was regarded as important 
to determine whether the tail length maintained the same^ratio 
to the body length at all times of life, and in animals of all 
sizes. Table 28 gives the results of these determinations, 

TABLE 28 


To determine whether relative tail length {percentage of body length) varies with the 
size of the animal; comparison of mean for pnaller and larger animals 
of each lot 


NO. 


A males 44 

A females :■ 116 

Bi females, cold 52 

females, warm 56 

• Bj males, cold 56 

Bs females, cold ^ 44 

Bj males, warm 18 

Ba females, warm 30 

C 2 males, cold 44 

C 2 females, cold. 50 

C 2 males, warm 30 

C 2 females, waiTn 32 

C 3 males, cold 42 

Gs females, cold 52 

C 3 males, warm 46 

C 3 females, warm 40 

Cl males, cold 56 

Cl females, cold.' 58 

Cl males, warm 50 

Cl females, warm 40 

1909 lot, males, cold 58 

1909 lot, females, cold 52 

1909 lot, males, warm 46 

1909 lot, females, warm 38 

Mean 1160 


j riB5T HAJ,P j 
! (SM\LLEP) J 

8 ECOND H.\.L 

(larger] 

! 90.77 

89.73 

i 92.90 i 

92.76 

i 83.77 ' 

84.12 

89.39 ; 

88.04 

93.96 

92.96 

: 96.86 : 

92.36 

95.22 ’ 

94.22 

96.73 

94.13 

92.18 

91.77 

94.16 i 

92.12 

■ 98.00 

93,93 

97 .94 

95.06 

88.76 

88.90 

89.88 

90.73 

87.43 

87.61 

88.6.5 

88.45 

: 90.18 

89.21 

90.72 ' 

90.24 

91.00 ! 

93.52 

97.45 i 

92.40 

' 92.24 

93.24 

■ ^ 94,00 

95'. 19 

: 93,22 

92.70 

96.42 

' 96.00 

i 92.199 

i 91.476 
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based upon 1150 animals. Eaeh of the lots was divided into 
halves, one containing the smaller (shorter) animals the other 
containing the larger ones. The mean relative tail length ' 
was determined for each of these sub-groii])s. lleferrimr to the 
grand averages, it will be seen tliat the ligure for the^’smallcr 
animals is slightly greater (0.72,1) than tliat for the larger 
animals. Since this relation holds true in 17 out of 24 eases, 
it seems likely that it is not accidental. On the other hand, 
this difference amounts, -on tlie average, to considerably less 
than 1 per cent. So that for the purposes of comparison, between 
groups of animals which agree closcli- in mean body length, 
this difference may be disregarded. 

Whether or- not' the relative tail length differs at different 
periods in the life of the animal cannot bo ascortainod from 
my table. If such differences, due to age, actually exist they 
are of much smaller magnitude than the differences between 
different lots of the same age. At least, this is true for the 
period from 50 days to rnaturity. 

SEXUAL J)IFEKUEN{'l;:s 

In tables 3, 4, 7, 8, 11 and 12 are given the mean differ, 
ences between mice of the two sexes, computed according to 
the method of size-groups. It will be seen that in 10 cases out 
of 11 the sign of the difference for tail length is negative, i.e., 
the females have longer tails. The single exceptional (positive) 
figure is based upon a small number of individuals, and the 
difference shown is slight, compared with most of the negative 
ones. 

In considering the meaning of the sexual difference in tail 
length, here shown, the method of measurement must be Ijorue 
in mind. The tail length represented in these tabl(‘s is the 
distance from the anus to the tip of that aj^pendage. But in 
males th^ position of the anus is affected by the presence of the 
testacies, a fact which may be wholly responsil)le for the app^^rent 
differences in respect to tail length. 

As regards foot length, the mean measurements for the male 
mice exceed those for the females in 6 cases out of 9, while the 
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three negative figures are all smaller than any of the positive 
ones. It is possible, therefore,, that we have here a significant 
difference between the sexes in respect to this character, though 
the evidence is of course quite unsatisfactory. 

The males are heavier in 7 cases out of 9, while for ear length 
the figures are about evenly divided. 

The relations shown by the figures for tail, foot length and 
•weight emphasize, however, the importance of treating the 
sexes separately in all such computations as those considered 
in the present paper. 

si:i\iMARy 

1. The present paper is a final report upon a series of experi- 
ments on white mice, which was commenced in the fall of 1906 
and discontinued in the fall of 1911. In the course of these 
experiments about 2300 animals were subjected to measurement. 
The principal results of the experiments of 1906 to 1909 have 
already been published in a number of earlier papers. In the 
work of the last of these years, which forms the chief subject 
matter of the present report, about 1300 animals were measured. 

► 2. The parent generation of mice were reared, usually from 
birth, in two rooms, differing from one another widely in tem- 
perature and relative humidity. During the experiments of the 
last year the mean temperature difference between these rooms 
was over 18°C. From first to last, about a thousand mice have 
been subjected to this treatment (including only those which 
lived to the date of measurement). 

3. On four different occasions, a second ('Fi') generation 
was reared from parents which had been treated as above de- 
scribed; these Fi animals being reared under conditions which 
were identical for the two groups of contrasted parentage. I 
have, altogether, measurements from 879 mice of this second 
generation, of which number 594 were reared during' the last 
year of the experiments. It was not found practicable to Secure 
an F 2 generation. 

4. On one occasion a rather Hmited number were reared, 
born of parents which had been exposed for some months to these 
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temperature differences, but which were mature, or nearly s,. 
at the beginning of the treatment. In this, and variou.s other 
control experiments whicli were undertaken, I was seriously 
handicapped by the high mortality of the animals in prenatal and 
early postnatal life. 

5. All of these various lots of mie(> were measured accord- 
ing to a unifoimi system, and the resulting tigures Inu'c been 

■subjected to rather extensive statistical treatment. The dis- 
tinguishing feature of this treatment has been the groniung 
of^ individuals according to size (body length or weight) per- 
mitting of accurate comparisons between series of contrasted 
history or parentage. 

6. Throughout these experiments, 1 have found certain 
differences between the mean measurements of lots which were 
reared in the cold-room and ones which were reared in the 
warm-room. As regards two parts, tlie tail and foot, these 
differences were considerable in amdimt, and of absolutely cer- 
tain statistical significance. They were always in favor of the 
warm-room animals, and were evident in all of my four inde- 
pendent series of experiments. Comparison with the original 
stock shows that, in respect to tail Icngtii, at least, it was the 
cold-room animals which were chiefly modified, the warm-room 
animals probably representing more nearly the ancestral con- 
dition. 

7. A similar modification of car length, under the din^ct 
influence of temperature, seems to have been shown in one or 
more of my earUer scries, but it is slight in amount and of 
inconstant occurrence. It was not shown with any probability 
during the experiment of the last year, although the lot then 
reared was larger than any of the previous ones. 

8. During the experiments of two different years, compara- 
tively small lots of cold-room and warm-room animals (in 
each^ase males) were killed before the withdrawal of the tem- 
perature differences, and compared in respect to density of 
pelage. In each case, the cold-room animal.s had an apf)reci- 
ably greater quantity of hair. These findings arc based upon 
a consideration of 74 warm-room and 53 cold-room mice. 
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Some mature females (about 50 in each of the contrasted lots) 
which were killed nearly six months after the discontinuance 
of the temperature differences, showed a reversed condition, 
the warm-room animals now having mor# hair. In both cases, 
these differences are of very probable significance, statistically 
speaking, though they do not, of course, prove any direct effect 
of temperature upon the growth of the hair. * 

9. Temperature did not prove to have any constant effect 
upon body weight, either absolute or relative. During the 
experiments of the last year, the warm-room animals^of the 
parent generation had a greater relative weight (i.e., when 
animals of the same body length were compared) than did the 
cold-room animals. But the reverse relation h^s been found 
in certain series, and no general rule can be recognized in this 
regard. In most of the series reared (including the largest) 
tlfe mean body length of the warm-room lot was slightly greater. 

10. In the offspring of these modified mice, born and reared 
in a common room, those of warm-room parentage had, on the 
average, a greater weight and greater length of tail, foot and 
ear than those of cold-room parentage, when animals.: of the 
same body length were compared. This conclusion is based 
upon four different lots, each containing approximately. 200 
mice. Of these four lots, three showed the relations stated, 
for both sexes and for each of the characters mentioned. The 
other lot offered a partial exception, the sign of the differ- 
ences for tail and foot being reversed. These reversed differ- 
ences were, how^ever, smaller in amount than the others, and 
this single partial exception cannot outweight the combined 
testimony of the other lots. As corroborative evidence, we 
may cite a comparison which was made between the offspring 
of modified parents and another lot which may, for the purpose, 
be regarded as a control (see paragraph 12). 

11. In one of the four ¥i lots, bom nearly 5 months^after 
the discontinuance of the temperature differences, determi- 
nations of hair weight were made, with the result that the 
W(ir 7 n-ro(nn series was found to have the greater quantity of hair. 
This agrees with the later condition of the parents (at least 
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mothers) at the end of tho experiment, but does not accord 
with the earlier condition brought about under the imna^diate 
influence of differing temperatures. 

12» In the limited ftries referred to in paragraph 4. born of 
parents which, after arrival at maturity, were expostnl for 
several months to the differing toni])eratiire conditions, uneer- 
tain and contradictory differences were found between the 
animals of cold-room and warm-room parentage. This series 
afforded,^ however, an interesting basis of eompariso]i with one 
derived from parents which had been kept from lurth in the 
differing temperatures (see paragraph 10). 

13. While the offspring of cold-room and warm-room mice 
have been found to differ from one another in various charac- 
teristic respects, provided that tlie parents w’cre influenced 
by the temperature conditions from a very early age, it does 
■ not appear that these differences in the offspring are entirely 
parallel to those produced in the parents. It has been shown, 
for example, that the- differences in weight and in car length, 
while of constant occurrence in the second generation, {ire not 
present with any constancy in the generation immediately 
influenced by temperature. Indeed, as regards earjength, it is 
perhaps significant that the only clear case in which differences 
resulted between lots which were kept at differing temperatures, 
is one in which the preceding generation had also been subjected 
to these experimental conditions. 

14: Figures are available from a very limited number of 
mice which were born of parents that had been kept in the cold- 
room during the first two weeks of their lives, and then trans- 
ferred to the warm-room. An analysis of these figures points 
to the possibility that the effective action of temperature, 
in determining the character of the offspring, was exerted upon 
the parents during that early period of life when the tempera- 
ture fff the body varied witli that of the atmosphere. If this 
evidefee were sufficient to have much statistical weight, the 
case would be good in favor of a direct effect of the tempera 
ture, ^as* such, upon the germ-cells. Temperature determina- 
tions, made later in life, render it very unlikely that the germ- 
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cells could be directly influenced by this agency after the first 
two or three weeks following birth. 

15. However much significahce we may concede to the facts 
referred to in the two preceding paragraphs, the possibility is 
not thereby excluded of a process capable of effecting permanent, 
and perhaps important, racial modifications. 

16. One possible interpretation of the results which were 
earlier published by me has been definitely excluded in my later 
work. This is the chance that the temperature conditions, act- 
ing, as they did, on the female parent during pregnancy, may 
have determined at that time the modifications later found 
among the offspring. In the 1911 series, fertilization occurred 
in every case after the discontinuance of the temperature 
conditions, and in some cases several months after this. 

17. Correlations were determined between all the characters 
which were measured. These were computed in two ways: (1) 
in general populations, containing individuals of very diverse 
size; and (2) within groups practically homogeneous in respect 
to size. The •coefficients obtained in the first of these ways 
are comparable with the one.s which have been more commonly 
obtained bj^students of biometry. They are naturally of much 
greater magnitude than those obtained by the second method. 
But the latter would seem to be of much greater biological 
interest, and it is of importance to note that, for the younger 
animals at least, all of these coefficients were found to be posi- 
tive. In other words, even when animals of the same history 
and the same size are considered, individuals with longer tails 
have, as a rule, longer ears and feet, are heavier, and have more 
hair. The existence of such correlations doubtless accounts, 
in par| at least, for the general coincidence in sign among the 
various differences which were found between the animals of 
cold-room and warm-room parentage. And it must be admitted 
that this fact likewise diminishes the significance of any detailed 
agreement which may be found between parents and offspring 
in respect to these differences. 

18. As w^as imphed in an earlier sentence, the younger and 
older animals differed in respect to the correlations found, the 
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latter showing a considerably lower degree of eorrelat ion. ln<le,-d 
two of the coefficients (tail-and-weight and tail-mul-ear) wen- 
negative for the older animal, s, when the eorn-lations were ha^ed 
upon size-groups. 

19. ‘‘Coeffteients of heredity'^ (filial-parental coiTelationt 

were obtained for relative tail length (i.e., ratio of tail length 
to body length). Here, also, two diH’crent methods of (‘(im- 
putation were employed, and with dihering results. In boll, 
cases, positive coefficients were obtained. 

20. Certain phenomena of growth were noted wliieh :ir(‘ \)vv- 
haps of some general importance. ddies(‘ are (1) that after 
the initial retardation of the cold-room animals in r(‘s])e(*t to 
tail length, the tails of the latter grew faster, both relali\‘ely 
and absolutely than those of the warm-room animals, e\(‘'n 
while the temperature differences remained in full force; and 
(2) that, in both lots, the shorter tails grew, on tlie aviu'agc*. 
faster than the longer ones. In either case we have a tendtuu'y 
toward compensation in growth, such as was long ago ohserx ed 
by Minot for the weight of guinea-pigs. 

21. The ratio of tail length to body Icngtn was found to 
be slightly greater ^n smaller animals than in larger ojk's, when 
mice of the same age were compared. The diffeix'ucc^ was so 
small, however, as to be negligible for most purposes. Xo 
alteration of this ratio with increasing age was discf>v(‘n‘d, 
though it was not definitely dis[)r()ved, 

22. The only fairly certain differcMt^e l)etw(H‘n the s(‘x<‘s, in 
respect to the characters considered, n'lated to tail length, ilu^ 
tails of the females, as measured by me, being slightly longer. 
This difference may be entirely dependent ujion the shifting of 
the anus, due to the presence of the testicles, and may not 
concern the length of the tail proper. Weight and foot length 
appear to be less in the females, but these differences are not 
very certain statistically. 
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ACCESSORY APPENDA(!F.S AND OTHER ABXORMAIJ 
TIES PRODUCED L\ AMl’JIIIHAN LARVA!'; 
THROUGH THE AC TION OF 
CENTRIFUGAI. FORCE 

AKTHIJR M. BA XT A AND JB)SS AIKKX (JORTXKH 


E^UKTEKN FDIUHEP. 

EGG8 OF HAXA SYTVATIGA 
Treatment and general results 

Last season (1913) some Rana sylvatica egj^s, after having 
been centrifuged for another purpose, developed into larvae 
with extra tails or tail-like protuberances. Jhe extra ap- 
pendages were located, or projected, veotrally in various positions 
from the anal regic^n to the throat. Such an accessory ap])end- 
age occurred on a large percentage of individuals whir^h devel- 
oped to hatching. 

In an effort to learn just what had produced this rnodiheation, 
eggs were again centrifuged during tlu^ present season. Un- 
fortunately, we did not know at what stage the 1913 eggs }iad 
been centrifuged, at just what speed the centrifuge had been 
run, nor for how long the material had been treated. After con- 
siderable effort to find the correct stage of development at 
v)-hich to centrifuge the eggs and the correct length and vigor 
of treatment, similar modifications (and others) were pfodma^l 
again in the present season (1914). 

Thinking the result possibly due to a transference of formative 
material just previous to the third cleavage of the egg (the first 
in the equatoria'l direction) we at first tried all stages from tin', 
unsegmented egg to four- and eight-cell stages, hojiing hy vary- 
ing the treatments and running several sets of eggs at a time 
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to get the proper stage of development, vigor of treatment, 
and duration of tijeatment. We got no abnormalities of the sort 
expected. The eggs were either killed, failed to develop be- 
yond the blastula; or developed into normal tad-poles.' These 
results were apparent within three days after the first centri- 
fuging was done. We then treated some later stages — late 
cleavage, etc. — along with the earlier stages in the next series 
of eggs centrifuged, and among the survivors found accessory 
tails in two individuals in one of the treated lots. These eggs 
had been subjected to a centrifugal force equal to about 180 
times the equivalent of gravity for 10 minutes when in the early 
gastrula stage. This afforded a clue for further treatments. 
We then ran a double series, Series IX and X, of sixteen sepa- 
rate clutches of eggs. For comparison eggs in stages from the 
undivided egg to the late blastula were used and the treat- 
ments varied both as to speed and length of treatment. Six 
and in some cases seven lots of eggs of each clutch were treated 
at varying intervals. In all there were just one hundred lots 
treated. Since in this series no two lots of the same clutch of 
eggs were treated at the same time, in effect this constituted 
one hundred different experiments. This series of experiments 
gave typical results and no further discussion of other series 
need be entered into. The results were remarkably uniform, 
as table 1 shows. 

In all the earlier stages, from the undivided egg to the 32-cell 
stage, a centrifugal force about 1700 times the equivalent of 
gravity for 2 minutes,^ or 1350 times gravity for IJ minutes, 
killed most of the eggs. The survivors failed to develop be- 
yond the blastula. They are designated in the tables as 'per- 

’ The centrifuge used was one of the electrical type of the International Instru- 
ment Company’s make, having a radius of about 18 centimeters to the center 
of the egg mass in the tube. There were eight tubes so that eight lots could 

be treated simultaneously. According to the formula F = — (from Car- 

r 

hart’s College Physics, p. 42) 2900 revolutions per minute produces a centrifugal 
force equal to about 1700 times tlie equivalent of gravity. Similarly, 2600 revo- 
lutions per minute equals about 1350 times gravity and 960 revolutions pei 
minute equals about 180 times gra^ ity. 



T\BI,K I 


Showing sumniary of resuUs of {rcfttmciitH in Sirii'.c IX twn X 


Unsegmented eggs; 1st 
cleavage in progress; 
2 cells; 2 td 4 cells; 
4 cells; 4 to 8 cells 


1700 times the e<iuiv:i-': 
laiit of gravity for J ; 
uiinutcri 

1350 times gravity for 
U min. 

180 times gravity for j 
10 min. 


Killed about 75 per rent; sur- 
vivors mostly became ‘per- 
umnent blast utas’ 

,V single lot treated tin 2-cell 
stage): became permanent 
blastulas and a few reaolietl 
neutral groove stage 


Between 8 cells and 
stage in which about 
32 cells showed exte- 
riorly 


1700 times gi’iivity for , 
2 min. 

1350 times gra\'i{y for ? 
1^ min. 


180 times gravity f(Ji' j 
, 10 min. 1 


Killed all 

Killed many: otliers pernia- 
TU'Ut blastulas. In two lots 
a few with spina bifida -in 
one of tbe.se lof.s many 
normals 


32 cells to about 100 j 
cells exteriorly 1 


1700 times gravity for ■ 

2 min. S Killed more tlian half; others 

1350 times gravity for ( permanent blaslula.s 
11 min. J 

[ rrodueofl a hnv normals i)iit 
180 times gravity for j insirly all had spina biTida 

10 min. ) or ceased develoimient in 

i the gastrula stage 


About 100 cells to 
probably about 400 
cells exteriorly 


170(1 times gravity for \ 

2 min. | 

1350 times gravity for \ Killed many; others perma- 
11 nun. I Bent blastulas 

f Mostly with spina bifida, dy- 
ISO times gravity for | 

10 mill. I fringe of dc^velopimmt 


Later cleavage stages 
to time gastrulation 
probably just ready 
to begin 


r f 

I 1700 times gravity for | 
j 2 min. i 


j 1350 times gravity for j 
li min. ! 

180 times gravity for'- 
10 min, i 

m 


Killed all but some in one lot 
in which occurred some per- 
manent blastulas, a few wif b 
imrsistcnt yolk ])lugs and 
one with spina bifida 
Killed most; some normals; a 
single one witli i>ersisteiil 
yolk plug; many with mr- 
cessory apjiendagi's 

All normals 


J 
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TABLE 1 (continued) 


Blastopore evident or 
soon afterwards be- 
coming evident 


1700 times gravity for 
2 min. , 

1350 times gravity for 
H min. 


180 times gravity for 
10 min. 


Killed most; accessory ap- 
pendages in survivors 
Accessory appendages in near- 
ly all individuals 
In those in which blastopore 
' was not evident at time of 
treatment all became nor- 
mals. Where blastopore 
evident nearly all developed 
accessory appendages 


Advanced g a s t r u 1 a 
stages 


1700 times gravity for) 
2 min. / 

1350 times gravity for) 
min. / 

180 times gravity fori 
10 min. / 


Killed all 

Killed nearly all; survivors 
normals 

All -normals 


manent blastulas/^ inasmuch as they developed to the bias- 
tula and remained alive as blastulas for as long as two or even 
three days, while the untreated eggs had meantime developed 
into larvae with the head and tail differentiated. One hundred 
and eighty times gravity for 10 minutes killed some, a great 
many became permanent blastulas, a very few developed spina 
bifida and some developed normally. From the 32-cell stage 
to a stage in which about 400 cells showed exteriorly, 1700 times 
gravity and 1350 times gravity for 2 minutes and If minutes 
respectively, killed by far the greater part and the’ others be- 
came permanent blastulas; 180 times gravity for 10 minutes 
produced a few normals but nearly all became permanent blas- 
tulas or had spina bifida. 

In the later cleavage stages, from the time about 400 cells 
show exteriorly until just before gastrulation begins, .the higher 
centrifugal forces killed by far the greater part of the eggs; 
a few were normals, a few permanent blastulas, a very few had 
persistent yolk plug; one had spina bifida, and many had acces- 

2 The term 'permanent blastnla’ is not correct as applied to these embryos 
as a whole, for in some of them the lower hemisphere never took p^rt in the 
cleavage and a true blast ula was never formed. Her twig ('99) has described and 
figured a large number of such embryos which he had produced by centrifuging. 
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s..ry iippcndages. Tliose appouda.os u-eiv i,i almost all ras.-s 
far forward on the head or throat region, |// e..gs treated 
at tins stage with ISO times gravity for 10 mitnite" ,hn elooed 

In a stage in whieii the blastopore was evident, or s.,o„ afmr- 
ward beoame evident, 1700 times gravity for 2 mmnl.-s killed 
most individuals: the remainder developed a.aa'ssorv append 
ages. 1350 times gravity for 1! minutes killed lerv few and 
practically all individuals developed accessory fail's \I1 m 
ilividiials suhiected to ISO times gravitv for 10 , ninnies' when 
gastriilation was just ready to begin but in which the blasto- 
pore was not yet iwident, developed iiormallv, Hnl those in- 
dividuals in which the blastopore was ei-ideni al the time they 
were treated developed extra, appendages whiai suhiected to 
180 times snivity for 10 minutes. 

The accessory appendages produeed in those treated |nsl 
preceding or in the earlv gastrula stage were in many cases typi- 
cal tails, though there also occurred in these lots casi's in wliicli 
I he extra growths were horn-like protuberances on the head 
|■('gion. Some variations in this regard may be attributable 
to differences in stage or of development, for although ehitches 
of egg.s were never mixed we friaiiieutly noted some varintions 
ill developmental stages in a control, all of which wore prosiiiiiably 
of tlip same age. 

Spiv a bifida 

The types of spina bifida produced variini ratlier widi^ly. in 
spina bifida the portions of tail anlagcii enming from the (wo 
medullary folds cannot unite. W'luai the pnip(‘r dev('h)pmrailal 
stage is reached each portion of milage produces a lail-lik<* 
stnictuiT. In many cas(>s, howf^ver, tln^ abnormalify is so 
extreme that the cmhiyo dii's before that stage is naielK'd. 
Such a case is shown in tiu' flattened lar\'a t)f figure 1, wl(h th(‘ 
very broad yolk mass uppermost. The larva shown in figure 
2 lived until a somewliat later stage was I'cached atid tail-iike 
protuberances began to develop. In other cases tin* iiiediillary 
folds successfully closed except posteiiorly and then* were de 
veioped peculiar extensions of tail-like stimetnros about the still 
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exposed yolk mass (figs. 3, 4), The tail-like structures arc 
approximately symmetrical in many cases, especially in the 
earlier stages (figs. 2, 4j though in later development they 
are usually more or less twisted, due to unequal growth, so 
that, except for their bases, they may come to lie approxi- 
mately in the median position. In other cases the st^ucture^ 
are asymmetrical in origin. Xot infrequently more than two 
tail-like projections are developed. Sometimes there are four, 
approximately symmetrically arranged -two postero-dorsal in 
position and two immediately ventral to them. In a few 
cases there were develoj)ed a normal tail and, ventral to the 
unclosed blastopore, two smaller tail-like projections. The 
tail anlagen had successfully fused in part but spina bihda 
was evident in the persistent yolk plug and in the two lateral 
tail-like structures ventral to it. The most interesting case of 
spina bifida found is shown in figure 5. In this individual a 
tail has develoi>ed normally, but ^^entral to tlie small unclosed 
l)lastopore another mid-ventral tail-like structure ap]}ears. 
Ap]mrently the slight spina bifida permitted union of the an- 
lagcn both dorsal and \'entral to a portion wliich jiersisted as 
an exposed yolk plug, wliich was also the position of the amis. 

The fact that tail anlagen in this and other individuals weu' 
evidently situated ventral to the exposed yolk and flml the anus 
later developed at this point, indicates a considerabh‘ amoiiiii 
of concrescence in this region of the developing wood-frog egg. 
For if development had proceeded normally this anlage should 
have joined the portion which fornuHl the tail in the norma! 
liosition and the anus should have appeariMl renir(d to ii. 
oinitli (T4) has recently demonstrated considerable eoncrescncc 
in this region in Cryptobranchus. 

Accessory appendages not caused by spina bifida 

To the writers’ way of thinking, the extra tails, protuber- 
ances, etc., now to be described, are not related in point of 
causation of transference of material, to the accessory tail- 
like structure due to ordinary spina bifida. In cases of spina 
bifida the anlagen developed tail-like projections in situ. 



abnormalities produced by CEXTUIKUOINO 


m 

The ‘pseudo-tail^^’ Avere developed as near to thi^ norinal situa- 
tion for a tail as the ineehanieal ditiioulties of d('velopnieut 
in the particular ease permitted. In the eases \w\\ t o I >e deseribed 
the extra growths \vere in alniost any region {‘.irvpf the anal 
region and did not occur in lots of (‘ggs in which evident spina 
bifida occurred.'^ In fact, there was a considerabh^ gap b('tween 
stao'es at which nearly all treatments pi’odueed spina bitida 
and stages in which the extra tails o(a‘urre(l, Within this gap 
oiilv normal individuals oceurred in the treated lots. Ih'eause 
of this fact the writers l)eliev(^ that the spina bititla :uid the 
al)normal tail struetnres aeeompanying this ahnorniality, aii<l 
the accessory tails and tirotuheraiu'es produced at a distinctly 
.‘Old definitely known later stag(‘ of d(welopni(mf . are not 
eausally related. It would seem that th(‘ only (>xplanalioii 
of the.se accessory tails, etc., as due to spina bilida, w(nihl im])ly 
tl\at in the wood frog's eggs there is a stage during whi<*h sus- 
eei)tibility to spina bitida in centrifuged material is most inarlv('d. 
followed by a period in which there is no siieli susceptibility, 
and this in tiUTi by another in which the snsceptibilily returns 
l>ut manifests itself in a \Try diffenmt r(‘sult. The facts do 
not seem to warrant such an [issuniptij)ii. ^])ina bilida nas not 
noticed in the earlier stages of thosi' lots in whieh tli(' aeeessory 
tails, etc., later (lev('lope(l, yet all the hUs wein examined fre^ 
(lueutly. Furthermore, as pnoiously not(Ml, the tails and other 
protuberances weri* developed, not in tlie region ot the y«)lk }>hig 
and anus as in the cases of spina bifida, but in almost (uawy 
other position. 

This matter has been e(n^sidor(Hl at sr)nie length Ixa'auso 
figun's 1 b) b, examimal in coiHK'Clion witli the t)ther tiguo's, 

^ 111 oiu- r;i.sc ;i sinnn :ni<i soiiir |M>rsislri,i volt plujiS .,mniv.[. :om1 

111 another lot a porsistrnl volk piuji wn.snniet! in lots in xvliicl. a few .‘Xtni tails 
were (tovdoped, hut tliis was mo.st (>\n'[>ti‘inal. While wo liad mil csannmd 
ttie lots of ojiRS doscly ouoiifrli to stato <lclini(('ly that surli was tlw. raso. wn 
ar<‘ oonviuood that those lots of whv in dilTorpiit stanos of dovolopiuon • 
when treatod; that tlie uioat rctaidod onos wmr tn-aUHl at a .sta^o in whioli 
spina bifida or porsistniif yolk plug is producod : tliosn most aiD am m n. ‘'j' 
inent wore at a stage to acipiirc extra tails as lln- ic^ult of tin tie.iniu iit . x' ^ 
Uiose in intennediate stages were not noticeably affta-fed in Uieir .it( t f (\( op 
lueiit liy the centrifuging, 
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readily siipi^est to the casual observer that the phenomeiui 
are all of one class and that some of the individuals are merely 
more evident cases of spina bifida than others. 

The range of the occurrence of the extra tails has been suffi- 
ciently indicated. Jn many lots in which the extra protuberances 
occurred they were almost exclusively on the head region, — e.g., 
in one of our lots, 56 c, besides some normal ones, the following 
cases occurred: an individual with a blunt fleshy protuberance 
on the upper anterior part of the head; an individual with a rather 
slender protuberance somewhat enlarged at the end and extend- 
ing ventrally from the ajitero-ventral head region: an individual 
with the ymlk region much rounded and with an ear-like proje(‘- 
tion on the left upper yolk region just back of the head; another 
with a short broadly conical protuberance on the dorso-anterior 
region of the head; and a fifth with a blunt fleshy protuberance 
strictly frontal in position beneath which was a slender finger-lik{‘ 
projection. 

In other lots, besides similar protuberances, there were indi- 
viduals with more pointed horn-like projections or fleshy curved 
projections in various positions on the head (ligs. 6, 7). 4dies(‘ 
projections and appendages of various sorts occurring on the 
head were in large part in eggs treated in a slightly earlier stage 
than those from which developed really tail-like accessory striu*- 
tures. In some cases, however, there occ\irred head projec- 
tions and accessory tails in the same lot of eggs. Whether this 
was due to different developmental stages occurring in the same 
lot of eggs, cannot be stated with certainty, though the eggs 
in anj^ given bunch often showed a considerable range in 
development. 

There is no definite line of demarcation befween the pro- 
tuberances which occur on the head and are not tail-like in 
structure, and the typical keeled and segmeMed accessory tails 
in vario\is locations, for all sorts of intermediate structures 
occur. 

The typical accessory tails occurred, as already indicated, 
in those eggs treated in the late blastula and early gastrula 
stages. Figure 8 shows an earlier stage of development; figures 
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0 and 10 show tho nioro fully dovulop,Hl stnu-tuivs Th...,. 
originated almost withoiU oxirpti,,,, from the lateral niUM'le 
plate at the border between the yolk mass and I he nuisele plates 
and usually projected ventrally or ventrallv and laterallv and 
somewhat m a posterior direction, h, structure they .•on'sist,.,| 
of a more or less muscular part and a keel. The mus.ailar 
portion shows the characteristic myomeres. The keel usuallv 
occurs only on the venti'al edge of the tail, the dorsal edne 
being rounded and ttnkeeled: it has about the usual widtii in 
proportion to the size of the tail and is oftmi much tolded ami 
crinkled, due to the lairved or twisted course of the t.ail. In 
some cases, at least, the accessory tail had eonsid.aabic pow,>r 
and freedom of motion and was moved indeiiemhmily of the 
iionual tail. 

In ;)5 f the following, anion^- others with ahnonnnl appiauinat's. 
oeeiirred: one witli a se^ineiiled tail at the sidt* ori^iMann- 
dorsally of the yolk mass threedourtlis hack from its anPaaor 
end and extending;- posteriorly and slij^htly ventrally: a s(MM)nd 
With an aeeessory appendage to the left of tiu' mid-vimti'al on 
the anterior part of the yolk mass a v(M'y hlunt thoii|i;li flat- 
ended protuberanee; a third witli a lar^e. broadly-kt'eh^d. 
mented tail originating from an ant(M-ior vcaitro-lateral positkai 
on the yolk mass; and a fourth with a short but s(‘gm(Mit(‘d and 
doubly-keeled tail origiiiathig from tlu' left sid(‘ mmr tin* pos- 
terior end of the yolk I’egion. 

'Idle great amount of ceiitiifuging which has previously Immui 
done with frogs’ eggs lias apparmill^’ Ixm'ii largely (‘onfiiied (o 
material in the earlier stages, in wliieh wi^ failed togi't abnor- 
malities resembling tlu^ a(‘(*essoi“y appiaidages otlu^r than those 
obviously arising from spina bifida. As to th(‘ phenonuaion 
of spina bifida, smaTjd diffei’cnt means for its production in 
the frog’s egg have beiai found, that wig i’t)7, ’IMI), WVtzel 
< 04j, and others, mention its oeeunaaKa' following (aail rifuging; 
billio and Knowlton (’l)S) and Sehultze I'htli in iggs (auised to 
(levelop at temperatures near zero: 0. that wig ('P4,) likmvisi' 
mentions its occurrence in eggs dincloping at low banpea’atures 
as well as in eggs developing above thii optimum tiaiifierature; 
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Hertwi^ (’9") and papers) and Morj^an and 4'suda ('9, Si 

produced this abnormality by means of various salt solutions; 
and Hertwi^ (’92) observAnl th(‘ same type produced by poly- 
spermy or o\'erri|)(aiess of the egji; at the lime of fertilization. 
We do not know of the previous production of accessory tails 
and other appendages in Amphibian larvae. 

S ?mm a ry rw d co nchmo n .s 

Xo mat('rial Avas prepared for sectionino- and the writers can 
oidy offer suggestions as to the causes of the results ))rodn(V(l. 
It is not believed that the accessory tails and the a|)pendag('s 
[iroduced on the throat and head regions of the centrifuged 
frog embryos were due to spina bifida, as many of the al)nor- 
malities which occurred in those treated in earlier stages ol.)viously 
were. With two exceptions, no persistent yolk plugs or spina 
bifidas and accessory a];)peiuiages other than those obviously 
due to spina bilida — occurred in the same lots of eggs. In 
fact, there was a considerable inteiA’al of deAado]miental stages 
between those stages in which centrifuging produced spina 
bifida and those in which centrifuging produced accessory tails 
and other appendages. In all cases in Avhich there lAvas any 
evidence of s])ina bifida the tail-like structures which occurred 
were in the immediate region of the exposed yolk — the tail 
anlagen developed tail-like structures iu situ, when the dcvelo])- 
mental stage at which the tail is normally produced was reached. 
On the other hand the other accessory structures were pro- 
duced in almost every region except that in which the blasto- 
pore occurred^ — in regions in which the occurrence of tail anlagen 
cannot be accounted for by spina bifida. 

The writers suggest thai the accessory tails AAdiich develoj)ed in 
various situations and the accessory appendages in the head 
region were due to the centrifugal force having transferred a 
[)ortion (or portions) of the tail anlagen to the anterior region 
of the future embryo and that it there developed into a structure 
resembling a tail. On the head region it became merely a fleshy 
protuberance, but in connection with the lateral muscle plate it 
produced a tail more or less perfect in form, structure and function. 
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III the larva shown in ji^uro 10 luppi'r ii^uno a (iouble Innis- 
fereiicc occurred, a poiliun of aHla^;c (knclopiiiji' in coniu'clion 
with each lateral muscle i)[ate and two aec(ssoiy (ails resulted. 
Morgan ( OO) sectioned and fi‘.^iir(Hl e^ns of Hana sylva1i(‘a and 
Hiifo varial>ilis in whicli a more (H' K'ss lixail i raiisb'reina' of 
eg^ substance had l)(aMi prodiu'ed liy nu'ans of strong (‘(aitrif- 
ugal force. This is a transhu'eiua^ of mati'rial similar to that 
which we have supposed to ha\ (' octMirital in our (‘inhrvos e('nlri~ 
fuged ill the late blastula and <‘ai“ly ^astrula slaves. 

Since these iiccessory striKUnres wen^ pindmaal throuj»h the 
apjilication of centrifn^nl forc(' operating in tlu' ('arly ^aslrula 
stage or just jireceding it, it siaans ['('asonahh' (o supjjosi' that a 
portion oi‘ jiortions of th(' geian ting were' d('1ache(l ami eaiTiiMl 
more or less toward the “animal pol(\’ In the laler readjusl- 
meiit of the various embryonic c(dls tiu‘S(‘ anlagen beiaum^ 
associated with various regions and (1('V(‘1 ()P(hI into aecessory 
tails or othei’ projections. d(‘p(Muling ujion th(‘ region of th(‘ 
embryo with which a poi’tioii of tlu' an!ag(‘ fxMama' eomiechMl. 

I'XtCIS {)1‘ AMMI.VS'l’OMA lU' X( 'TATl'M 

Ihxtcusive s('ries of (‘ggs of Ambl\stoma |)uiictatuni wm* 
also centrifuged in an eiideaA'or to h'ani if th(‘ acirssory tail- 
like appendages might be produced in this form too. No such 
appendages occurred in any case, allhough many lots of eggs in 
all stages, from the uusegmeiitt'd egg to dm lat(‘ gasirula, w('i'e 
('{‘iitrifuged at se^^eral different rates of sjanaJ and for different 
periods of time. The nearest ap])]'oach to an ac'cessory tad 
or other ajipeiidages such as occurreal in tlic centriluged wood 
frog larvae was in the individual shown in liguri' 12. 1 his 

projection from the mid-ventral region w'as ai)])anuilU an e]>i- 
dermal sac containing largely a mass ol yolk. Smaller in 
most cases mammae-like projections w(ur noted on several 
salamanders of our series, including some in the ch(‘cks. It is 
not bcliewed the centrifuging had any relation (dther to the 
larger or the smaller jirojections on the yolk mass of thi* 
Amblystoma larvae. 
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Another salamander of the centrifuged material had two 
j)airs of anterior legs. About 2 mm. posterior to the pair in the 
normal position occurred the second pair similar to it in size 
and position. "Ihe larva died and unfortunately was destroyed 
by Infusoria before its loss was discovered. The posterior 
leg buds had already appeared, d'he distance between the 
developing hind legs and the anterior pair of fore legs was 
apparently somewdiat^ though not much, greater than normal. 
The second pair of fore legs ()(‘curred about two-hfths the dis- 
tance from the anterior fore legs to the hind legs. It is iiui 
clear how centrifuging could hav e caused this result and it seems 
doubtful if it had anything to do with it. 

In several cases in the centrifuged salamander eggs, sub- 
jected to a centrifugal force 180 times the equivalent of gravit}- 
for 10 minutes, in the early gastrula stage, there occurred indi- 
viduals in which the head development was incomplete (figs. 
12 and 14). In many of these cases the larvae lacked the entire 
head. In a single lot (08 f) of eight larvae five possessed this 
abnormality. In one (fig. 14) the head rapidly narrowed olf to 
a point almost immediately in front of the gills; the narrowed 
tip was near the level at which the eyes should have devel- 
oped. In two others the head was even shorter and was cut off 
almost sqllareh^ In one of these the two ‘balancers’ originated 
side by side almost in the median line and on tlie lower lip-like 
structure. (So true mouth or jaws were formed in these indi- 
\'iduals with fore-shortened heads and in some of them there was 
no mouth opening at all). The head was about as rudimentary 
as the one shown in figure 12 but the tip was somewhat more 
prolonged. In a fifth the head was somewhat short; the eyes 
were imperfectly developed, though lU'obably not functional. 
In the four previously described, the eutii-e eye region was 
missing. 

It had been observed in sonn^ of these centrifuged eggs that 
after remo^’al from the centrifuge a blunt projection or exudate 
from the upper 'animal pole' constricted off and disintegrated. 
The writers did not observe whether these eggs produced the 
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virtually headless larvae, but iiiasnuioh as in the iirmlele this is 

the I'egioii of the egg at which the anterior i)orfi th,. i„,„| 

is fornied, the oceurreiiee suggests that the material destined to 
form this iiortion of the embryo had lieen removed from tlie egg. 
llms virtiitiily deea|)itatitig the emhi'vo, 
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KXIM^A.VAI’IOX OF FUaillKS 

HiUKi syh'atica onibryos 

1 !0xtr(‘iiio si)inn l)i(i(la, resulting in a somewhat flattened larva with larj^ely 
cxposcd yolk; furtluM- development impossible. 

2 MxUxaiui spina bifida; the tail anlageii began develo])iiig tail-like stnicturos 
in ‘itiu l)eforc the embryo died. 

3 ]-ater stage of less extreme type; tail-like structures and exposed yolk 
mass conspieuous. 

-1 Embryo similar fo figure 3, seen from a different angle. 

5 Larva with sufficient S])ina bifida to prevent conercseenceof the tall anlagen 
and cause the fonnation of two tails in the blastopore regioji. 

0 Lar^'ae with a protuberance on the head. 






IM.A -2 


KXl'NANATtON OF FlGT'liKS 

RiiTia sylvatica larvae 

7 Larva with a flesh \x partly membranous projection in an anterior ventro- 
lateral position. 

<S l^iml)ryo with a ventral projection arisiiifi: from the lateral muscle plate 
on the left side and destined to become a tail. 

9 Larva with a vetitral tail (Inuded on one side only) arisinji; from the rif!,ht 
lateral muscle plate. 

HI Lar\ aLiiJl'cr figur(') with two accessory tails, ou(‘ arising; from ea(di lateral 
miiS(de ]>lat(‘ and projecting \enl rally. 
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KXPLANATIOX OF FIOriiKS 


Aniblystoniii punctatiitii lar\ :ie 

11 Xonnal Aiiiblyf'toma ])un(!:tatuni larva. 

1'2 \'iitiially hcadlcf^s laiaa, from ;i ceiitrifiiged ogg of tlio same eliitoli ns 
ligurc 11. d'li(' arrows beside figures 11 and 12 indicate corresponding levels on 
tlu' two lar\ae. 

K) Xortnal lar\ a. yoiingcu’ tlnin oiu'S shown in figure's 11 and 12. 

11 Lai\a from the same clutch of eggs as figure 13 but from an egg ccntii- 
fuged whih' in tlie early gastrula stag('; \A'hih! this lar\a has the hea<l better 
developed than in figure 12 it lacks tiio eyes and other organs belonging to thi' 
antr'i'ior lu'ad n'gion. ddie arrow.s indicate cnrres|ioiuling body levels in figures 
13 ami l b 
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cent for those of warm-rooin parentage. Iiuloecl, more than 
half the broods consisted ontireLy either of si ill-horn youn^, 
or of animals which died ^eiy ('arly in life. After the first 
week or two, the mortality was very imieh hnver. Hut exiKu ience 
makes me confident that by no means all of those whieh sur- 
\aved to the age of 50 days would liave lived to niaturily. In- 
deed, some of these oO-day miee were of sindi a feeble eon- 
stitntion that they died from exposure, after having been removed 
from their nests and placed, for a few hours, pending imnisure- 
ment, in open cages, at a tein])erature by no imxms low. 

In view of this high mortality in the V\ g(m(‘ration, eei* 
tain critics may be disposed to rule out of eonsideratiou any 
phenomena exhibited by those iniee as merely ‘ I’jatbologieab’ 

I may say, in reply, that tliLs object ion doi's not apply to my 
1909 series, in which the mortality was not i)arlieuhuiy higli. 
And it is needless to point out that jihenoinenn wliieb are. in 
reality, pathological may none the less liave a lugli imporlance 
for the study of heredity. 

To what degree this disastrous mortality n’sultod from the 
conditions of my experiment, and to what degre(' it resulted 
from an unhealthy condition of my oiiginid stock, I am imal)l(i 
to state, tit is of significance in this connection that m all 
three of the Fi lots to be considered below (A':,’ A',’ and A ./}, 
as well as the 1909 lot, aiready irpoiied on. tin' mortality was 
considerably higher among the warm-room d(‘scendants. On 
the other hand, the first offspiing of the A g(m(‘ratjon of inie<n 
born within a few weeks after their airival at the laboratory, 
and before they were subjected to any a])nonnal t.(miperal.un‘ 
conditions, likewise exhibited a high (h'ath-rate. 

It may readily be understood, therefore, why the, numbers 
comprised in my series of mice ar(‘ in most eases msutlHuently 
great, and why various importiint experiments wer(‘ not carncx 
out. 

The results of a statistical analysis of^ these various senes 
of mice will be considered in the next .'-ertion. 


THK JOfHNAI, OK E XI’Kltl MENTAL V05.. N''- 
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STATISTICAL REVIEW OF THE MEASUREMENTS 

1 . The A generation 

Although the weight and tail length of the entire A lot were 
determined at the commencement of the experiment, I do not 
regard it as relevant to give these figures here. In table 15 
are shown the averages of these first measurements, for those 
members of the A lot which became the parents and grand- 
parents of mice belonging to our various experimental series. 
These figures will be considered later. In table 3 are pre- 
sented mean figures, based upon the final measurements of the 
surviving A mice (including both parents and non-parents) at 

TABLE 3 

A generation mice; animals killed and ^neasured May and June, 1911 
1 . Gross ave, rages 



vr> 


FOOT 









gm. mni. »?»>. ! 

7n7n, 

7fi m . 


25 

26 36; 95.90, 85.58 

17.909 

14.650 

C () 1 d-r o 0 in , 

( bemales 

60 

^ 24.66! 97.77| 90.16 

17.771 

14.745 

section „ 

( Both sexes 

S5 

25.10^ 97.22 88.81 

17.810 : 

14.719 

,,, j Males 

20 

^ 25.5li 95.30 87.13| 

17.642 ' 

14.300 

\v arm -room , 

( remales 

58 

j 23.83' 96.91! 90,05 

17.633 

14.771 

section ' ,, 

■ l^oth sexes 

78 

: 24.26 96.60; 89.31 

■ ! 1 

17.636 

14.659 

1 j Mean 


! ! 
25\98' 95.63; 8G.25i 

17.785 

14.492 

i 


±0.29=^0.32'±0.52| 

±0.079 

±0.060 

stand. 


i i ! 



I; [: dev. 


2.90! 3.21; 5,14| 

0.767 

0.560 

Entire A lot. . 'I ,, f IMean 


24. 25' 97.35; 90.11 

17.703 : 

14.758 

^ ho- 

! ' , f Stand. 


-t0.2l!=^0,21 ±0.28' 

±0,034 1 

±0.035 

, males 1 ; , 

1 i; dev. 


3.33; 3.37; 4.54; 

0.545 ; 

0.5()5 

1 Both 


i ' ! 



i sexes Mean 


24.73 96 88 89. Oo; 

17 .725 

14.090 


2. Mean diihrenccs 

(Animals fjjroupod according to body length) 

'\VKICHT TAIL FOOT i EAH 

+8.04 -2,37 +0.231 I -0,246 



INFLUENCE, HEKEUITV. COKHELATION, (;UO\\ 'rH 


the close of the experiment With the except ioii of ?;oine ' 
additional males, received early in January, these ini(‘e had been 
kept from the middle of Xovember until April 4 in the two 
experimental rooms having contrasted temperatures. Since the 
animals were nearly adult at the conimencemeiU of (he experi- 
ment, little or no modification in respect to the measured parts 
could be expected. And wo liiul, indeed, that the females, 
which were older, when received, than the males, display no 
significant differences between tin' wanu-room and cold-room 
sections, even though the animals of })oth of these are known to 
have grown somewhat during this periotl of treatment,’'' 'Phft 
males, on the other hand, which wimv less matuiv tham the 
females, at the beginning of tlie experiment, exhibit a slight 
' difference, as regards tail length, and a consideration of the 
first measuremeuts (not here givi'ii!. shows that this memi)ei 
has actuallv elongated somewhat mon' in the w.arm-room lot 
than in the'^cold. This dilTeremr is sliglit. however, in compari- 
son with the changes effected in animals which wer(‘ sul>j(‘cicd 
from birth to the temperature conditions. 

A comparison of males and femah^s. according to th(‘ nu‘th(H 
of size-groups reveals not incoiisidciable dithaenecs of tail and 
foot lengths between the two s(>xes, tlie fornuu' member bemg 
longer in the females, the lattei' in th(‘ male;^^ ITe males 
are likewise considerably hcaA'ier. wlu'ii animals oi ihc' same 
size are compared. The subj('ct of sexual diltciemvs wi 
considered below. 

2. The iT lf>f 

These mice were the ones whirl, were .lireelly .nohil.e,! l.v 
. temperature conditions acti..g. .u nmst cases, fro.n ''J' ' 

birth. They were the parents of the ones wh.ci, he , ,u - 
tion of the reappearance (tianHnission?) of these moddM.al.ons 

The survivors eomprisod only (10 |.rv , »f .hv .r,.,u.n:d s.n- thm- 

'.verc many deaths before the time of Hi" ''"'f'j'" ,-„,iBt.'iiil 

:• Perhap.s a comparison by «ith llmsc shown by 

differences, but in any case these wuiihi bf U n nil t \ 

the Bi lot. . ditTeieni'cs were in-etty 

»• Graphs, not here reproduced, show llmt il.oso 

constant, at least in this series. 
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was irivTstigated. This lot were all .subjected to certain meas- 
ureiuoiits at the a^e of oO days. For this purpose the males 
were anesthetized, so that for these it is possible to give foot 
and ear length, as well as tail length and weight. For the 
h'males, which were not anesthetized, it is possible to give the 
latter ‘ineasureinents only. 

In the first di^'isLon of table 4 we are enabled to compare, 
the mean condition of these parts in cold-room and warm- 
room sections. In the males, wliile the mean weight is nearly 
th(^ same in both cases, the mean tail length is 1C per cent 
greater for the warm-room than the cold-room animals; the 
mean foot length is 8 per cent greater; while the mean car length 
is less than 1 per cent greater. Reference to the probable 
errors shows that, as regards tail and foot length, the dlhcT- 
ences are of undoubted statistical signiticance. For ear length 
this cannot be said. T^\u'ning to the females, the mean weight 
is over 7 per cent greater for the warm-room than for the cold- 
room ones, while the mean tail length differs by an amount 
almost identical with that shown by the males, i.e., about 16 
per cent. Both of these differences, particularly that for tail 
length, are significant ones. 

It has been pointed out that the absolute weight of -the warm- 
room females was greater than that of the , cold-room females. 
The two lots of males, on the other hand, Avere of nearly equal 
weight, though even with these the warm-room lot was slightly 
heavier. 

In the experiments of 1907-1908 and 1908-1909 (previously 
reported) similar conditions were met with. In both of these 
cases, the warm-room females were heavier than the cold- 
room ones, while the two lots of males were nearly equal in 
weight. Here however, the cold-room males were somewhat 
heavier than those of the warm-room. These differences, as 
regards absolute weight, may have some general significance, 
but their meaning is uncertain. Unfortunately, the relative 
weight, as shown by comparing individuals of the same bod>' 
length, cannot here be gi\^en, since the latter measurement was 
not made at this period. 



TAl^i i: 5 


//] mCih^urt'iif liiinij, at (i-.i a-;: 

L . 


{(fn 


! Mean 

11 4.1 (d tl7 

17 070 

12 :.i»2 

1 Males tM 

' 0 . 2 ,'. • o n • 

0 or. 

' o o.vi 

! Maud. 

2 tn 4 01 

0 :.i3 

0 020 

Cold-room lot,. . < Mran 

12 :>7 01 71 



Females 77 

■ 01 ;. 0 40 



' Maiiil. 




1 d(‘\. 

2.21 111 



1 Butlmsc'xe.s 142 M.ain 

1 :; 4.4 Id ,s.-, 



[ Mean dilTer enre,'; i ‘ , 

’ 1) 0} L> l.S 



Mean 

1 1 0.‘i 71 07 

17 .Vitl 

12 OsO 

1 Males 101 

^ 0 Id . 0 27 

t) 040 

< 0 ,031 

1 Stand. 




1 dev, 

2 SS .V.-sit 

0 .TOO 

0.4,V> 

Warm-room lot 

(all) 1 „ , 

! Females d.) 

^ \H 4s 7 1 . 2 s 
' 0 10 i 0.37 



1 Stand 




j ' d(‘V. 

2.0!! .LSO 



lb>th sex(‘s ISO Mcani 

14.11 71 7)0 



M(‘:ui differcMU'es i •' 

■) 0 02 - 1 :;o 



2. ' fi and 7 / Kiriians 0/' 

n'(ji'fn~riii>ni (ol 



N(;. \\\:. 

11. HI' TAII.* 

1 t >. I r 

i;\i( 

.Section ‘a.’ (Placed] ; 




in warm-room 1 Males OS II 

42 71 .0!) 

IT-. 420 

12 r,oi 

immediately after [ Idtinales 01 i;i 

13 70 . 4 .S 




Section ‘b.’ (First] 
kept for two I Males 
weeks in cold- [ ^ reniale 
room) J 


7J S.S 17 71s 
7:1 (K) 


3. Mean <(ijhr< Urn rm - mid) 
(Animals groujnal a«M-<)rdin^ to woijj 


-Males ; +S,93 . -Mk-m iOJL7 

Females -f8,0S 

* These tail measurements, being made njton living mice, are 
comparable with those given in most of the other tables; p. 3'F)). 
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In the second part ot tahlt‘ 4 a (‘(ini[)arisini is nuulc ht'twa'rn 
that section of the lot wliicit tniiii birth 

in the warm-room and that scation which was lirst kept for 
two weeks in the cold-rooiu. Sinre tlusc two jrruu[)s of animals 
differ somewhat in moan si/(\ ;i ('oinp^oison of ^r(*ss a\aaa^os 
is not justifiable in the casi' o| tlu‘ parts iiioasurod. ( urvt's 
(not here reproduced} make it lairiv dear, ho\vev('r. tlial noiio 
of the differences shown aiiion^ thein are to rv^anled as 
significant. 



hi 

60 

*14 

5r 

56 

•jS 

54 

.53 



b] f omo loa. 

' !jO Day,; 
Oroopfcl lay IVi’Kjht 

- r/oM 

W(Ur)| 


f” O 0 to II a (3 M l‘j 1 (> I r" I*? 


Finally, in section 3 of tin' tabk*, ’\v(‘ ha\’(‘ tlu‘ iiuatn diffni- 
ences between the warm-room and cold-room lots, computed ms 
described above (pp. 345-34(>). 

A graphic comparison between the two contiastcai lots of 
males, as regards tail, foot and eiir ](aigtli. is made in fgure 
2, while a comparison of tin' hainih's, as i“(*g:u'ds tail length, 
is made in figure 3. It will he s('en tlitit the only cas(' in whiidi 
these differences are not constant and (‘onsidi'rahh' is tliat of 
Ciir length. 

In table 5, the results of the measurements of the'snpcr- 
fuous males’ (pp. 354-355), made' some \vi\ weeks later than the 
foregoing, have been presented. It will be sciai that the dilfia- 
ences in tail and foot lengths have persisted in an unmistakable 
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manner. It is shown in a later table (26), however, that 
as regards tail length, the difference diminished during this 
interval of time, the tails of the cold-room individuals growing 
more raj) idly than those of the warm-roorti ones. As regards 
car length, there is now practically no difference between the 
gross averages. 

In the present table, I have likewise included determinations 
of hair weight. The quantity of hair is shown to be greater 
for the cold-room animah, whether absolute values are consid- 
ered, or relative values, expressing the amount of hair pet- 
unit of body surface. Since these differences are in each case 
about 3 times their probable errors, it is likely that they repre- 
sent significant differences between these two lots, particularly 
siiK-e the case agrees \-ery well with that of an earlier year 
(Sumner ’09, pp. 129-133). 

TARLK 5 

7^1 ini(T; fiuiivrfluovf! killed and mcai^uri'd at the age of 4- months 

1. (ji'oss airrages 


HAIR 



SU. 


i 

FGOT 

EAR 

1 (ratio 

, 1 weight : 

square of 
body 

1 length} 



(jm. nnn. vim. 

1 

mrn. 


C o 1 d- 


Mean 

r 21.39 S9.77 70.16 

17.217 1 

13.789 

357. 0| 0,0414 

32 

\ =t0.27 =t0.33 ±0.44 

±0.056 ; 

±0,053 

±6.4 ± 0,0007 

room < 


' Stand. 




lot... 


dev. 

2.2S 2 79 3.70 

0.474 ‘ 

0,442 

: 53.3 0.0056 

Warm- 


j Mean 

1 21.02 89.41 70.64 

17 .788 i 

13.786 

; 332.5 0.0415 

r,2 

\ ±0.27 ±0.37 ±0,51 

±0.058 

' ±0.042 

• ±5.5 ± 0.0005 

room ' 

j Stand. 





lot... 

I dev. 

2.81 3.96 5.49 

0.022 

0.454 

57.8. 0.0054 


2. Mean differences (warm — cold) 

HAIR 

WFIGHT tail, foot kar (weight in 


Groupedby weigUt. . . — 0 lo | -flU.iiO -fO.OOG —0.002 23. S 

Grouped by bodv 

length -0.29 ^ +9.C9 +0.63.i -0,004 -28 9 
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In the second part of tnble 5. ih. mean dilTnivnccs lunwoon 
the warm-room and cold-ronm sortinns nf Uiis lot of mic(« havr 
been computed, according to tho method hoiv adopted It will 
be seen that the difTerences obtained are nearly the sanu‘ whether 
the animals are grouped by weight or by IxhU' length. ‘IduKi^ 
for tail foot and hair are dotibthvs signili(*an(, wliile that for 
weight is perhaps so, in yiew ol th(' ridalions shmvn in I’guia* I 
As regards ear length, the triyial dilVerenee indicated in the table 
is not to be regarded as haying any statist ieal iinportamaa bignre 
4, just leferred to, sho\Ns thes(' \arious r('lations graphiealiy 
It demands no further comment. 

The females and the breeding males were kilhul and nu‘asutvd 
at the close of the breeding exi)eriments itabh' [{ehaTing 
to the gross averages, it will be se(Mi at a glanre that tlu‘ dif- 
ferences in tail length between the eold-ioom and warm-room 
animals have very considerably diminished, biang only ht jua- 
cent for the males and 71 per cent for the hanales. as com- 
pared with a difference of about 111 pea- (aait for (Midi piv- 
viously. In the males, the dil'ferenee in mean foot haigth has 
diminished from 3 per cent to about 2 \)vr cent. A moiv exact 
analysis of the growth of the.se parts during this inban al l)ased 
upon a consideration of the individual animals, will be ohenal 
later. The trivial dillerences in ear length may be disn'garded. 

A consideration of the differences in hair wiaglit is int(a- 
esting, even if not wliolly intelligilde. T\n' hair of th(‘ hanales 
only was prepared and woigliod, since som(> of Iht' mah's wiaa* 
afflicted with a skin disease winch diminislaMl the density of tlu' 
hair on certain parts of the body, dliese fianah's of tlie two 
contrasted lots, containing about fifty animals (\aeh, shnweil a 
mean difference in favor of the u'ar/fi-roftm animals of about 
29 milligrams, when the gross a\erages are compared, and this 
difference is about 3^ times its pi'obabh' error. Sima^ the ani- 
mals differed somewhat in both weight and bfaly haigth ft he 
wafm-room lot being the larger] a fairer comparison is (‘fh'ctial 

Since nearly a third of fli(' .aiiiioul.' Imd died ni Oic nn'ioil tmf, those lw<» 
groups are not entirely romjK-iriihlc witli iho < orn spuTidiitii ones stono inotilfis 
earlier. 
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* Kxeeptions ure u few iuiiiiuil.'', p;ir(icijl;iil\’ iniilcs, wljirh <li(‘i) 1 t«i lomiihs 
earlier, but \vhos(i TnPiisiirrtntMit.s are never! Ik •I i-s.'< iiirliidf'd hen-; :ilsi» :i few fe- 
inale.s whieh, ba\’inp; yonnn, \\'t're not killeil iinfil OcImIk'j'. 

by the method of size-groups. It will h(‘ seen I hut tlu' diffi'r- 
cnce is nearly 25 inilligranis, wlien tlu^ uniniuls are groupeH 
according to body length and <Sd) milligrams wfien liny are 
grouped according to weight.-' laifoitunjitt'ly a comparison 

PoBsibly sgnu; part of tlic difTci'ence be! ween iliev,- iwn fimircs is due lu 
the fact that, with both methods of Krniipiiiji, i iaiaii) iiiipain'd uronps. at oni' 
or fhe other end of the series, ean not l)t‘ imdudt'tl in tlie ( ompiitalion ofdilTer- 
ences. Thus tlie comparison, in tlie two laises, is not niad< bef ueeji (‘xael Iv lie- 
same two lots of indivifltials. Mueli of tiie difference here, lioweve.r, nai.^t be 
due to the fact, sliown In the taliho tlia1, wlicn aiiitfials of e(|ii:il lenefh are con - 
pared, the warm-room individuals are in eeiieiai soiMewlial hnvid', while, i:i 
comparing animals of weight, tlie wai maoriin otu-s an* slightly .•^h<iihr. 
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with tho earlier condition of the females is impossible for this 
eharaeter, but we have no reason for supposing that the bo- 
havior of the two sexes, as regards growth of hair, is different. 
W'heu we compare the final condition of these females, with 
tliat earlier shown by the ^superfluous males,’ it does not seem 
iinprobabk^ that tho original differences in the quantity of hair, 
Ijroducod by temperature differences, were, for some reason, 
r(‘ versed after these latter conditions had been discontinued. 

.Vnother matter of soiuio interest is the greater absolute size 
of I he w arm-room animals, of both sexes, as compared wdtli 
those reared in the cold-room. In the second part of table (i. 
tli(*re is likewise indicated a considerably greater relative weight 
foi- ihi) wTirm-room females in comparison with the cold-room 
ones (i.e., when animals of equal size are compared). The 
males, being much less numerous than the females, were not 
comi)ared by size-groups for most of the characters. I have now 
done this for weight, however, wdth the result that the mean 
difference is 1.77 gram, in favor of the warm-room lot. More- 
over, this difference has the same sign in each of the six .size- 
groups compared. Thus, for this particular lot, at this time of 
life, w arm-room animals of a given body length are heavier than 
cold -room animals, and this is true of both sexes. Unfortu- 
natcK^, I have but few other data indicating the relative weight 
of mic(‘ of equal size which have been reared at low' and high 
temperatures. As has already been stated, the other (^super- 
lluous’)' males of this lot, which were killed at the age of four 
months, sliow^d a reverse difference, though of smaller amount. 
In my experiments of earlier years (1907 and 1908), no compaiu- 
soii wjis made by size-groups, but, so far as may be judged from 
the gross a\^erages, ilie conditions w'ere contradictory in different 
lots. But whether or not there be showm any general effect 
of tempoi’ature u])on the relative body w-eight of mice, it must 
be borne in mind that in the breeding animals of both sexes 
among the Bi lot (i.e., the parents of the various C broods), 
the warm-i’oom animals w^ere heavier relati\^ely as well as 
absolutely. 



I>(ILUEXCE, HERKDIil. ^ OUHKl.A rU>\\ CROW rii 





77 

76 J ,■ 

75 t 

7<» Adi jil rcrncilt:^. 

7£ "'A'' Groupr.d hody' Lciu^lli 

70 •' — — ' — ■■ /\ tii tu irnticii 

0 OOUJ 
|i Worm 

55 ae 87 58 b'J 90 ;5l 31‘ D.l 'M lib f>0 >7 jm KK) tf<( h-i' NXi 10 1 tO', 

I -j 

Figures 5 and 6 permit of a (‘()in])ai‘isoii Indwiaai the wanii- 
room and cold-room sections of the Hi h‘niales, (igiuii o like- 
wise including curves for the females of Ifie A giaieniiion (both 
sections combined). These figun^s agive with I lie laliii* in 
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Figure (> 


showing for the Bl lot, that body weight, quantity of hair, 
and the length of tail and foot arc unmistakably greater in the 
warm-room section, while ear length presents no certain differ- 
ences, A comparison between the A and Bt females is likc- 
\N’ise instructive. It is rather surprising to find the A lot pos- 
sessed of decidedly longer tails, both relatively and absolutely, 
than even the warm-room section of the Bi lot, while in ear 
length the former likewise considerably exceeds the latter. 
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As regards foot-length, the A animals are intermediate be- 
^een the two Bi series, thougli nearer, on the whole, to tlu‘ warm- 
room than the cold-room condition. Of course tlie mi(‘e t)f tlie 
A generation, being the parents of the W animals, wtae (‘onsid- 
erable older than the latter at the liiiK' of these measnremeuts. 
but even these last were about ten months old and therefore 
fully mature. Whether or not. at this time of life, the append- 
ages still continue to grow has not been aseertained with cer- 
tainty, but it seems highly improbable. 

d. The B, (ol 

As already stated, the B: lot (second oilspring of the .V mice) 
were too much reduced in numl)(‘rs to Ix' of any s(aA’ici‘ for 
measurements. A fair niimixa’ of snrviving young resulttal. 
however, from the third mating of tlu' A aniin.als, at least 
as j^gards the cold-room section. 11 must b(‘ I ionic in mind fliat 
the parent lot had been subjected, tlinuighout sonu' months, to 
the same extremes of tempcrat(ir(' as their ('arlicr offspring (Bi), 
but that, being nearly or qiiilc mailin' at thi' outs(‘l, tiny wnc 
little, if at all, modified by tlie treatment. TIk' B, young 
-were all reared together in a eomiiion room. 

Table 7 and figures 7 and S present tlu' i'(‘sul(s from the 
measurement of the B, lot. at the ag(' of .10 days. 'Hie miml.er 
of those born of rvann-rooin parents was so sni.all (oO) that no 
very satisfactory comparison can In' made witii Itiose of eold- 
room parentage. The second section of I lie (.able shows a. 
series of differences having, with a single eseeplioii. (lie same 
sign, indicating slightly larger measurements for miee o! eoliB 
room parentage. And the emwes likewise sliow fairh' const aul 
differences in certain cases, sometimes in favor ol one sel, .siime- 
time.s of the other. Jhit m most of tlie iniiis <)f curves, these 
latter cross one another so capriciously that little eonlidenee 
can be placed m the (ijfferences as a whole. In this respeel 
they are in contrast with some of those to he diseiissed later. 

The chief interest of the B, mice lies, liowiner, m the eom- 
parison, to be made presently, between these and aiiothei 
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lot of young, reared under identical conditions, but born of 
parents which had been considerably modified by tempcrati^e 
differences acting from birth. 


TABI.K 7 

Bz micr; kiUfd and measured at the age of 50 days 
1. (jtros.s averages 
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Mean 

10.99 72.20 68.60 

17.419 
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Mean differences {warm — cold; grouped according io body length) 


Males -O.it +1.12 ~i)Am ; -0.211 

Females -0.11 -0.44 --0.178 i ~0.12() 


S. Mean differences (+ — 9; grouped according io body lejiglk) 


+0.125 ; +0.105 

+0.415 i +0.002 


Of colcl-rooin parentage -[ O.Ui 

Of warm-room parentage +0.17 
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+0,35 
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These were the offspring of modilioff paieuts (Hi), though 
themselves conceived and reared in a eoinnion room. From 
an inspection of the gross averages in labh* S. it will be seen 
that although those of warm- room panmtage, males and fe- 
males, averaged slightly loss in hotly length than tliose (»f cold- 
room parentage, they had on tin' av<n’agi‘ soimAvliat longer 
tails, feet and ears than the latter. And (‘ven tliese dilh'renees 
^etween the gross averages, based on alisolute magnitudes, 
are, for tail and foot length, 11 1o d times Iheir prol)abh‘ errors. 
As regards relative tail length tin' dillerenee In* tween tin* two 
lots is nearly 0 times its probalih* (*ri'or for tin* mail's and 11 
times for the females. Both of thes(‘ difierenees may tb(‘r<*for(* 
be regarded as of practically certain sign i lien mn*. statistically 
at least. What they mean biologically, is of course another 


matter. 

In the second subdivision of table S, giving the mean dif- 
ferences between the two contrasted lots, it is s('(*n at <»nct‘ 
that for tail, foot and ear length, the (lirb'iT'ina* is always m 
favor of the warm-room descendants. wh(*lln'r the animals 
are grouped by weight or by body length. Uben the latt(‘r 
method of grouping is einphyved. it b(*eom(*s evident that, lor 
individuals of the same length, tin* v.viglit is also st)m(‘whal 
greater among the warm-room than the eohbrooin desci'ndaids. 
It has been shown above (]^p. dbS dbb) that this r(*latinn like- 
wise held true for the contrasted sections ol the paient il^i) lot. 

It will be shown later tliat tin' siz(* ni tail, loot and ear are 
.strongly correlated with body w(*ight, and it might therefore be 
suggested that the greater hmgth of ih(*se memb(>rs ir. tin* 
warm-room descendants resulted from the latter being sonn*- 
what heavier mice. When we group our animals anoiding to 
weight, however, we observe the nu^an diffeiviiei's to lx* nearly 
as great as before, despite the fact that for mic(* of (Miual weagbt, 
the warm-room descendants are of somevhal inju wi nx > 

length. . , , , . 

Figures 9 and 10 show these relations joi 1 n ma(s 
male.s respectively. For both sexe>, tin waim (ui\f 
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TABLE 8 

C 2 ‘mice; killed and measured at the age of 50 days 
1. Cross averages 




so. 


WEIGHT 

RDDY * 

kvcTw’ HELA- 

FOOT 

EAR 






*■' ■ LITE TIVE 







17 m. 

rtr»i. mm. per ««/ 

mm. 

n,m. 



r 

Mean ^ 

10 . 5H 

71.91; 66.02 91.86 

17.419 

12.551 


Males 

i 

■14 { 

^=fc 0.21 

±0.47^±0.G0±0.o8 

±0.069 

±0.040 

Of 

cold- 

Stand. 





(lev. 

2.02 

4 58, 5.72 5.55 

0.679 

0.478 


f 

Mean 

10.40 

71,16 66.28 93,10 

17.202 

12.530 

room 

Females 

i 

[± 0.21 

±0.5lUo.49±0.49 

±0.056 

±0.044 

p<ar- 

oO 

Stand. 


i 



ont- 



dev. 

2.22 

5.37 5,12 5.08 

0.584 

0.401 

age,. 

Both 








sexes 

U 

Mean 

10.49 

71.51 66.16 

17.304 

1 12.540 




Mean ' 

f 10.35 

70.60 67.87 96.10 

17.716 

12.585 


f Mules 

i 

31 1 

i ±0.30 

±0,67|±0.52±0.48 

±0.079 

i ±0.060 

Of 

Stand. 





\ 

flev . 

2.45 

5.5g' 4.24 3.93 

0.656 

' 0.486 

warm- 


( 

Moan ' 

1 10.72 

70.78 67.97 96.39 

17.337 

12.553 

room 

Females 

34 ] 

1 

> ±0.39 

±0.90 ±0.81 ±0.55' 

±0.091 

; ±0.081 

par- 

Stand. 





ent- 


I 

dev. 

3.3S 

7.78 6.94 4.67 

0.788 

; 0.098 

age.. 

Both 








sexes 

65 

Mean 

10.54 

70.60 67.92 

17.518 

12.568 


2. Mean, differences (irarm — cold) 
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-0.51 

+ 2.06 

+0,230 i +0.033 

Grouped according to/ Male? 
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3. Mean diifvrcnces (d'-~9; groui)€d according to bodijlengik) 
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in every instance, above the eoKl throu^lioiit the greater 
part of its course, and in souu' eas,>s (he relatixT petitions of 
the two remain pretty constant thnmjrlKnit their entire extent. 
This relation is less ob\it)us tor waa^ht and c'ar K'n^th than 
for the length of the tail and font. In int^'rpreting r!u‘se fig- 
ures, it must be borne in mind, alivady reinark(ai. (Ind tlie 
more central portions of the x arions t‘iir\'(‘s are nuieii nnn*e sig- 
nificant than the ternunal portions, since the former are basial 
upon much larger numbers than (he la(ter. 

T.VMI.K 'I 

Mean differences ijmiipol h> Uiujlii) 


Of oold-room parentage. . 
Of warm-room parentage. 


1 Malrs 

r O :F) 

ii.sj id.cn 
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f !1 L’f'i 

f 1 7;i H' C(i:i 

1 1) 1 Id 
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In tabic 9 a comparison has beiai mad('. by the mcdioil of 
size-groups, between the ('■: mice, which had modified panaits, 
and the B3 mice, whose parents, laang maiurc' at tin* comimmfa*- 
ment of the experiment, wen' little, if at all iiiodilitMl liy I'x- 
posure to the temperature diffi'renci's. 'rin' latt^a- may, in a 
sense, be regarded as furnishing a 'control’ for tin* former, 
since the two lots were reared togelln'i* in a (‘ommon room. 
It will be seen at a glance that, as n'gaihs the miec' of cold- 
room parentage, all of the difi'erema's an' posit iv<', i.<'., the 
B3 animals are heavier and liave loiigi'r apf)('ndag('s. This 
might reasonably havT been expeeti'd, on IIk' snpfiosition that 
the C2 animals wore moditiial in tin' sam(' din'cfion as their 
parents. For the warm-room animals, tli(' ligni-es ai-e, with 
two exceptions, negative, i.o,, the (jiuintilii's represent r'd w('n^ 
(jreuter in the Cb lot. This, also, is what might, have been 
predicted on the above assumption. Tlie 'e<dd' tignnis are. 
much more significant than th(' 'warm ones, howi'ver, since tlu‘ 
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former are based upon 107 and 94 individuals, respectively, 
the latter upon 50 and 05 individuals. 

Figures 11 and 12 permit of a graphic comparison of the 
cold-room sections of these lots, for males and females respec- 
tively. The relations which have appeared in the tables are 
here clearly portrayed, and the figures demand no further com- 
ment. The curves for the warm-room sections are not here 
reiirodiiced, since the}’ arc based upon such small numbers. They 
show, on the whole, liowe\’ei‘, the same relations as are indicated 
in table 9. 

While these eonifiarisons between the Ba and the C 2 lots 
are extremely interesting, and while they harmonize very well 
with the conditions observed in the respective parent lots, 
we should be guarded in drawing conclusions from- this fact. 
The differences, already referred to (pp. 398-371) between the A 
and Bi mice, when fully mature, and those to be considered 
later, which were exhibited by the various C lots among them- 
seh es (p)). 3S9-395). make it plain that very considerable differ- 
ences in type may arise })etween two lots, which are due to 
wholly unknown causes. 

5. The C, Jot ^ 

This was the third lot of offs])riug derived from the modified 
(Bi) animals, it resulted from the mating of the parents 
some 2 mouths after the withdrawal of the temperature differ- 
ences. These mice wore' measurF'd living at the age of 50 days 
and saved for later measurements. Body length is therefore not 
represented in these earlier figures. It will be seen (table 10) 
that for tail and foot, the gross averages are in each case larger 
for the cold-room series, but it will likewise be seen that the 
latter animals arc somewhat heavier and, presumably, some- 
what longer. Wlien the animals are compared by size-groups, 
the mean tail length is still found to be less in both sexes, for 
the warm-room animals, though these iiegati\'e figures are much 
smaller than the })ositive ones shown in table 8. The males 
of the cold-ro()]n set likewise had somewhat longer feet, but 
tliis w’as not true of the females. Finally, for ear length, the 
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* These tail iiicasuveinerifs, hciiijj; made up(ni nii<‘e, an' not cjuitc 

parable with those fiiveii in most id tlu' otliei' (aides: isee p. TlOi. 

differences both bear the same as in lh(‘ (’-j l(d. (Iraplis, 
not here reproduced, show much ciossitiii; and recrossini^ on tlu' 
|)art of the ^cold’ and Svarm’ (‘ur\ es, indicatinii; a low deirn'c of 
constancy in these relations. 

This lot of mice (or the survivors anionp; tludii, for a con- 
siderable number died) were killed and ai>;ain m(‘asiire<l at I In* 
age of three months. The figures art’ givtoi in ttihh' 11. liorr 
the gross averages for tail and fool art* s(mmi to Ih' somewhat 
greater in the cold-room descendants, of both sexi's, despite 
the somewhat smaller mean wt'ight and laxly hmgth tlics<‘. 
In only one case^ however, is this ditlerence as ttmeh as (‘(pial 
to its probable error. The gross aw'rages tor (‘ar length arc 
in both sexes greater for the warm-room lot. ]M>r irlaitrr 
tail length (ratio to body), the difterei)c(>s are fioth in favor ol 
the cold-room animals. They an‘ 1.22 and hSo l(jr the males 
anfl females respectively, thus being v{‘ry much less tlian tlu* 
reverse differences found in the ( ■> lot. lukewise, the static- 
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tical certainty of thesie differences, as judged by their probable 
(‘rrors, is much less than in the case of the earlier Jpt. 

(.'onsidering the mean differences based on the method of 
sizf'-groups, we find that in both sexes those for weight and 


TABF.E 11 

Cs mice; killed and measured at the age of 3 7nonths 
1. Cross averages 


TAIL TAIL 
ABSO- HELA- , 
I.VTE TIVE 


{•old- 
rtiom 
pur- ' 
(‘11 1 - '' 


Of 

wuriu- 


I> a V - 
(Mil - 


Males 42 I 


F(“iaaU:s 


Botli 

sexc.'i 


Males 


Females 42 ( 
i 

Both 

sexes .S8 


Mean 

I 18.03 

83.93 

74, 

.44 

88.81 

17.511 

13 126 

i ±0.33 

±0.61 

±0 

.56 

±0.44 

±0,071 

±0.055 

Stand, 








dev. 

3.22 

5 . 85 

5, 

.34 

4.25 

0.663 

0.52S 


1 10.46 

82,64 

74 

.72 

90.42 

17.470 

13.322 

. ean 

■ ±0.17 

±0.33 

±0, 

.44 

±0.32 

±0.059 

±0.045 

Stand. 








dev. 

1.90 

3.55 

4 

.69 

3.41 

0.624 

0.490 

^[ean 

17 . 15 

83.20 

74 

.60 


17.488 

13.236 


f 18,78 

84.30 

73 

.86 

87.59 

17.508 

13.401 

^loan 

\ ±0.3? 

±0.57 

±0 

.57 

±0.371 

±0.052 

±0.045 

Stand. 





1 



dev. 

3 2? 

5.73 

5 

.78 

3 . 751 

6.519 

0.457 


/ 17,09 

83 14 

73 

.70 

88.57; 

17.438 

13.53S 

Mean 

'I ±0.23 

±0.41 

±0 

55 

±0.46; 

±0.078 

±0.050 

Stand. 





i 



dev. 

2.20 

3.91 

5 

.20 

4.32; 

0.708 

0.481 

Mean 

17,97 

83.75 

73 

.78 

i 

17.476 

13.460 

(j.vann— 

-cold) ; gi 

'ouped 

accord{7}g toj 

body length) 


Males 

F(‘inales 


we 1 i;hI 


TAIL 

absolute 


FOOT 


EAR 


+0.o7 

-f0.30 


-0.38 

-1,77 


- 0.022 

-0.075 


-f 0.200 
-F0.227 


<1 Mean di,ff€r€nccs (d^— 9); grouped according to body length) 


(’old,. 

Warm. 


WEIGHT 

+0.74 

-rl.OS 


T.ATI 

ABSOLUTE 

-l.oO 

-0.16 


rOOT EAR 

♦ 

-0,120 -0.291 

-0.093 -0.238 
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ear length agree in sign with tho (’onvspoiuUiig liguivs iti table S. 
The figures foj* tail and foot length are, however, both of op[io- 
site sign, though the differences reprt'seuted are imich siiialltM' 
than in the case of the lot. IndetHl tln'ise for tlie inah's can 
hardly be regarded as signilicant at all. 

Curves depicting these relations eonstitnte iigiires 111 and 
14. For weight and ear length, constant differonees :\Ye shown 
by both sexes, the Svarnv cuiae ])eiiig uppermost. l''or (ail 
and foot length a reverse relation is shown by tlu' females, 
and for tail length by the males as well, though this condition 
is not so evident in the latter easin The males (airvt^s for foot 
length, on the other hand, show no const aney in th('ir relative 
positions. 

In the Ca lot, therefore, I ('iK'ounttM-ed eoiuliti(»ns which 
\vere partially at variance with thos{' ol)serv(Mi in two ])r(‘vioiis 
lots of xnice having a shuilar history. I rehu- to the ('•: lot. 
above described, and to that of the lt)()t) expc'riment, an ae(*oiint 
of which has already been pu])]islH'(l. My hrst tliought was 
that this exceptional behavior- might he due to the fact that 
the parents of the C 3 mice wore mat(‘d som(‘ time afim* their 
removal from the experimental teni])crature conditions. 1 lu* 
effect of the latter might be supposed to have (hsapiaaMvil,^ as 
in the case of PrzibranTs experiments, above discussed fpp. - 
334 ), But an examination of the (\, lot, iinrn H months later 
still, quite invalidates this explanation. 

The fh hi 

These mice were, as already stated, born m^arly 5 months 
after the discontinuance of the temperatuK' (lill<u(‘ne(‘s to 
which the parents had been subjected. results ot th(‘. 

measurements are given in table 1 2. An iii>]>eotion of tin gioss 
averages shows that, as in the lot, both w;eight ami body 
length were greater for the warm-room animals. On t us 
account, the corresponding abs(^lute difhavnees in tail, loot 
aim ear length, and hair weight would not in themselves he 
convincing, despite the fact tliat tliey are in (aid, eas(> siwa-ral 
(2 to 5) times their probable errors. Hut an exammation ol the 
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TABLE 11 

Ci mice; killed and measured at the age of 50 days 
U Gross averages 


Of 


i Males 60 


cold- [ 
roofii j 


par- 
ent - 


Fern. 58 
! Hoih 




WRIGHT j 

HODT 

LENGTH 

T.VIL 

ABSO- 

T.AIL 

HEL.A- 

ROOT 

EAR 

RAIH 

(weiglit 




LUTE 

TIVE 



inrnt:. 



gw. 

mm. percent 

7nm, 

nnn. 


Mean ^ 

' 9.83 

69.82 

63,01 

89.66 

17.302 

12.666 

196,5 


, ±0.18 

±0.45 

±0,46 

o 

-H 

±0.C51 

±0.043 

±6.2 

Stand. 








dev. 

2.05 

5.20 

5.1? 

4.98 

0.62,5 

0 497 

71,0 

iMean | 

f 9.14 
t±0.18 

68.11 

±0.40 

61 .55 
±0.50 

90.34 

±0.44 

16.989 

±0.056 

12,483 

±0.054 

166,2 

±5.3 

Stand. 








dev. 

2.02 

5.17 

5.61 

4.97 

0.631 

0.611 

50 . G 

Mean 

9.49 

G8.08 

62.27 


17.148 

12 576 

181,. s 


i 10.45 

70.61 

65.57 

92.41 

17.498 

12.879 

214.7 

Alcan ^ 

t±0.21 

±0.49 

± 0 . 57 

±0..50 

±0.065 

±0.053 

±7.2 

Stand. 








dev. 

2.25 

5.20 

6.06 

5.30 

0.699 

0.566 

76.5 

Mean ■! 

f 9,69 

68.34 

65.19' 

94.74 

17.337 

12.877 

. 186.8 

[ ±0.21 

±0.65 

±0.44 

±0 .53 

±0.070 

±0.060 

±7.0 

Stand. 








dev. 

2.03 

6.19 

4.09 

4,95 

0.652 

0.574 

66.1 

Alean 

10.11 

69.61 

65.41 


17.428 

12.878 

202.4 


2. Mean differences (jvarm. — cold) 


AUSO- 

LUTK 


(Irouped according f ^Males 
to weight \ Females 

Grouped according / iMalcs +0.25 
to body length. . . \ ; bemalec +0.51 


-0.31+1,55 +0,042 +0.087 ! -0.3 

-0.80+2.55 +0.296 ■ +0.251 i +6.2 

+ 2 46 +0.137 +0.142 +11.1 

+3.15 +0.429 +0.359 ; +17.1 


3. Mean differences (o^— 9); grouped according to body length) 

WKIHHT T.\IC KOOT EAR H.AIR 


Cold +0.05 -0.67 +0.148 +0.014 | +6.2 

Warm -0,12 -0.69 ' -0.069 -0.106 ■ +7.f 
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figures for relative tail length ve\ cah .liiunenees whie!, are I an, I (i 
times their probable errors, n'^iieoiieeK-, for ih,> males, a,,,! f, -males 

Turning to the ‘mean dilferenees' i„ (fi,- next s.vtion of 
our table, we find positive lignres for tail, foot and ,-ar length 
whichever method of grouping )«- a,l<i|,le,l. lA.r hair weight! 
we find two rather large positive tlillereno's. when the animals 
are grouped according to body length, though tin's,- ihtfer- 
ences are greatly diminished tin on,> rase being of reiers,- ,sign. 
though negligible) when the animals are group, at iHa',)niing"to 
weight. These last facts are not veiv intelligible, Ihough^h,' 
general correspondence between these relations an,l Ihos,' slniwn 
by the female parents in the second part of table li is at. least 
suggestive. In respect to pelag,-, it would sis'in lliat tlmse 
mice resemble the later condition of their parents, ratln-r than 
the earlier condition, as shown in tahk' o. 

When animals of equal body length :nv gi’f>ii|>(‘i} toj^riuhfu-, 
it appears that, as in the (', uud lots, (hosr of wurju-roonj 
parentage are appreciably heavier Ilian those of rohhrooin 
parentage. Accordingly, among auinuils of tlu' same weight, 
the warm-room descendants average sligiitlv shorin' than the 
cold-room descendants, aAact which niak(‘s still im>re signilii^ant 
their somewhat longer ap])(aulages. 

In figures 15 and 16 some of the relations jusl discussed an* 
portrayed graphically. It is to be noted that the eurve.s for 
tail and foot length in Hie males greatly ('xaggerat(‘ tlu' ex- 
ceptional cases. It will be seen tliat ilu' (Khmilliimdi'r group 
of warm-room animals, which is chlctlv resjxmsibh' for tho 
marked dip of the Svarm’ eur\'e below tlu^ ‘coUr oiu*, (xintains 
but a single individual. Otherwise, tlu'se ligures reijuin' no 
comment. 

7. The Cn, O.-j n}((( ('^ loin nttnjxircd 

Hitherto, our comparisons have be(m chi('tly Ix'tween ilu^ 
'cold' and ‘wanid sections of the same lot of aninuils. Uut 
it IS also important to compare th(' corrc'Sjiotiding s»'etion 
(^cold’ or ^warin’) in the ditfereid 10 lots fO., (h, and (tj)* 
My tables are not adapted to makitig such a comparison v<wy 


THE JOrRSTAI, OE EXetKIMR.VTAl. ZOOI/JCV, VOI . 1^, N'0.3 
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readily, but he who wishes to examine them for this purpose 
will find differences between the corresponding sections of 
two different lots which are in some cases even greater than 
those between the contrasted sections of the same lot. To 
take, for example, relative tail length (ratio of tail to body), 
we have for the males of warm-room parentage, in the C 2 , C 3 
and C 4 lots, 96,10, 87.59 and 92.41 respectively.^'^ These 
differences are in some cases several times (in one instance 
14 times) their probable errors, so that, statistically speaking, 
they are fully as significant as any which we have met with. 

Furthermore, in graphs which are not here reproduced, I 
have compared tail, foot and ear measurements of the corre- 
sponding sections of these three lots of mice at the age of 50 
days (grouped according to weight). It is immediately ob- 
vious that the three curves for the 'cold’ or the 'warm’ section 
present, in general, even greater differences among themselves 
than do the ‘cold’ and ‘warm’ curves of the same lot of mice. 
And the differences between two of these curves are, in many 
cases, constant throughout their length. 

We have, therefore, the same grounds for believing in an 
actual difference of type between the Ca and the C 3 or C 4 lot 
as we have for believing in a difference of type between the 
‘cold’ and ‘warm’ sections of any one of these lots. And 
this fact naturally increases the difficulty of interpreting my 
results. It must be stated, however, that there is no such 
general agreement in respect to the sign of the differences, for 
the several characters as was commonly found in comparing 
the warm-room and cold-room descendants in the same lot. For 
example, in botli sexes, the curve for the C 4 animals of cold- 
room parentage is the lowermost of the three in the case of tail 
length, the uppermost of the three for ear length, while for 
foot length it occupies an intermediate position. And this 

The figures for the Cg lot are not quite comparable with the other two, 
since' the measurements on which they arc based, were made at the age of 3 
months, while the others were made at the age of 50 days. But it is doubtful 
whether the relative tail length differs to any appreciable extent at different ages 
(pp. 424-425). And furthermore, the C 2 and figures likewise present con- 
siderable differences among themselves. 
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instance illustrates the generally raprieions eharavtia* of these 
relations. 

It is plain, therefore, that lhes(' lets nf mire, horn 
at different times of the same )a\reuts'' differ from one another 
unmistakably in their mean ehai'aet<M's. but tliis does not 
affect the fact that the cold-room and warm-room descend- 
ants in all three of these lots differ in the sami' diveetiou, in 
respect to weight and ear length, while in tno of iluan the 
same rule holds for tail ami foot hmgtli, the third lot showing 
reverse differences in considerably smaller imasure. 

The cause of these differences of typi^ Ix'tween the various 
C lots is not even suggested in any of my n'sults. An (‘xanii- 
nation of the temperature conditions throughout the entire 
period of the experiment (figure 1 and table 1) fuinislies no 
clue to the problem. 

To express by single average's the nhitions Ix^twt'eii tln^ two 
contrasted sections in these three differing groufis ot mice is, 
of course, only partially justifiahhn Such averages would 
be purely fictitious quantities, though this is true, in a siuise, 
of all averages. It may, none tlu' less, serve a usifful ])ur- 
pose thus to combine all the animals of eohl-room parentage, 
and likewise those of warm-room paiviitag(\ and to hud in what 
measure any general trend emerges, after tiie eancellatiou of 
the differences amongst the various lots.-^‘ ISueh a general 
trend is clearly indicated in figure 17 wliich is basi’d ujxm tlu‘ 
three 'C’ broods, combined and divided into size-grou|)s.‘''‘ 
The relations between the two corilrast(h siuies aiv esstui- 
tially the same as were previously indicated l)ytlu^ and ( , 
lots, taken separately, and, for one charaeter by the ('a hd. 
I do not wish, however, to lay too much stress u])on su<*h a 


composite picture. 

It is, of course, not , strictly true that thev even, hnru of lie- «„»,■ parents, 
since only part of the li. lot bccium- parents on 

viduals diff red in the different cases. 'I his ,cu.jt ,v, 1 he r.der,,.. R.» 

-This procedure would be unjnslifiahic unlc.ss the proporlton ..f warn. 

and ‘cold’ individuals were til.out the stmie iti till three lots. 

- It has been necessary to use weight yroeps ». he pn set ^ > 

include the C, lot for which body length was t.ot dctcrnune.i unl.l laler ,n hfc. 



Average 5. 

Gg j Cj and C4 Lots. 

5o Days 

Grouped by Weit^hT 


Cold, 

Warm. 



Figure 17 
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.‘{IK*! 

A more reliable expression of the mean tetuleney of all tht‘ 
pj lots, including that of 1909. will lie given below. 

,s'. 77/e .s-f r/es 

This has already been cliscuss/'O in thnn' prt'vloiis paiM'rs 
t^^lO a, '10 b, ’ll), to which I lefer the reader for a fuller 
account of the experiment. In the eas<' of these animals, as 
already .stated, the parents wen' mated la-fon' the disetwilinu- 
ance of the temperature differences, tliough the (‘ntire post- 
natal life of the offspring, as well as the last live days \>f their 
prenatal life, was passed in a commoii room. _ 

A synopsis of the figures for ihesi' mice is givtai in table l:h 
The gross averages do not, in some ease's, rev('al tlie general 
tendency of this series, wliich is shown by tin' r('lativ(‘ tail 
lengths, and by the mean differeners for all tlu‘ (diaratdt'rs, as 
given in the last section of tlu' tabha T\\\s general tend- 
ency is shown much more clearly by tlu' iVnmh's (ban by tbe 
males. Some other data were imported in oiu' of my pn*vious 
papers, where, also, these relations w/'re shown graphieally. 
On the other hand, certain values have laar he('ii pirsent^Ml 
which were not computed previously. Tlu' elnei pond that 
need concern us at present is the eoniplt'ie agnaMmad. in sign 
between the differences here sliown and those discussed above 
in connection with the (7 and i'i lots of tli(‘ later yc'ar. 


\ (’OXSIDEU.VnOX OF Tin: K. TOTS <)}' lUi'l II NFAItS i-Al KlU- 
MENTS WITH SOUK .VTTtCUPTS AT AN ! NTKHCUl/rAaTOX 
OF TIIK HKSKi;rS 


For reasons already stated, I have ant thounl.l, -t worth 
while to compute gross aAcrages, based upon all the oKsprnig 
of modified parents which were obtained during my cxpmmen s. 
At least, this has not been done for absolute measnremenls. 
It may be of possible interest, however, lo state tlrns.. gross 
averages for relative tail length. The following figures give the 
mean values for the ratio of tail to liody, bas..d upon the f , 
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TABLE 13 

1909 mice. 1 . Gro-Hn at:crages from measurements made at the age of 6 weeks 




NO. 

i WEIGHT 

T.ML* 

FOOT 

EAR 




g7n. 

7nm, 

Tfon. 

m m . 

Of cold-room par- I 

' Males 

71 

11.49 

72.45 

18.033 

12.546 

Females 

74 

10,33 

69.61 

17.641 

12.327 

entage ■ 

Both .scxo.s 

145 

10.90 

71,04 

17.833 

12.434 

Of warm-room par- ^ 

j Males 

75 

10,70 

70.82 

18.011 

12.545 

Females 

66 

10,55 

71.61 

17.902 

12.527 

entage 

i . Both sexes 

141 

10.63 

71.19 

17.960 

12.536 


2. Gross averages from yneasurcmenls viade, after killing, at the age of 3^ months 


BODY ^ 

XO. WEIGHT ABPO- ' RELA- FOOT EAR 

LENGTH 


Of cold-room pnr 
entage 


f Males GO 20,62; 89.91 8'5. 45 92.8018.14713.483 

I I ' ^±0,34 I 

j Females 51 16.28 83,14 78.62 94.6217,00613.178 
I ±0.41 I 

! Both sexes 114 18.56 86.70 81 .16 93.6617.89613 339 


I Males 46 20.75 89,45 83,06 92,9618.18313.550 

Of 1 I 

\N arm-room pai- , 38 17.86 85.55 82.33 96.2118,09613,471 

! ±0.32 j 

[ Both sexes 84 19.45 87.68 82.73 94.4318.14313.514 


3. Mean^differeJices {warm — cold) from ineasuremenis at the age of months; 
{grouped according to body length) 


Males +0.47 +0.73 +0.068 i +0,086 

Females +0.23 +1,52 +0.282 : +0.096 


* These tail measurements, being made upon living mice, are not quite com- 
parable with those given in most of the other tables; (see p, 340). 
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II 

Mean differences (warm — coW) for <1!! tl,,' ,,jr >>>;■( f;;; »•/ itunlijud t 
accordtntj in noth"^ 



LOT 

A ! i,,iir 

1 <.!I. 

I’our 



C 2 blltl 

; tl.U 

-i 2 is 

-i 9 iJ'.H) 

1 9 oaii 


' C 3 I9:rj 

; u 

9.:>s 

0 922 

1 9 2(H) 

Males 

: C 4 3IJII 

9 27) 

•f 2 .-jf; 

f 9 bn 

i 9 142 


1909 lot 27 (K) 

T 9.17 

■f-9 .73 

-f 0 Oils 

t 9 9S(» 


Grand averages 

-rO 367 

1 1.346 

i 0,1204 

iO 1221 


f Cl 1790 

'i t) 21 

r 2 .;i 0 

i (1.291 

1 9 991 


^ C 3 22 as 

i (i.:>9 

-1,77 

- 9,977 

t 9,227 

Females — ■ 

■ C 4 ^378 

'1 9,71 


{ 9.129 

id .m!) 


1909 lot 2 (jr )2 

•tO 29 

■i-1.72 

-I () ,2.S2 

t 9 (I 99 


Grand averages 

hO 324 

-1 1.269 

! 0 2230 

10 1986 

lot of 1909, and the three lA lot: 

s ((A, 

( ';i and ( 'd t)f 

mil, a 

total of 752 mice:^^ 










‘iitiiti 

(^’old-room deacendants 



99 , s7 

!)2 97 

Warm-room descendants 



91 .91 

9:5 79 


The Svarm' figures are seen to bo from 1 to 1 1 per ooot givator 
than the ^eold/ 

Another more legitimate way of oompjiring the aggn'gato 
cold-room and warm-room desceiidaiits, in res[)(‘ct to a giv(‘u 
character, is to obtain not the iiH'an valu(‘ of that (‘hara(*ier 
itself for all the animals in eaeli of th(' Iwo coristrasted s(Ties 
('cold’ and 'warm’), but tlie moan of the various dith^naices 
between these series which were obtaiiunl for IIk! s(‘parjiie lots 
of animals by the method of size-groups. In Ijibh^ M are 
given first the mean diffcrenci‘s foi‘ the ( ln f ;t, f 1 1909 

lots, derived from tables 8, 11, 12 aiul VA, ami then tlu' w(‘iglited 
means of these averages (pp. .‘M5 .Ud;. It will be that 
the differences are all of the same sigu,.with 1h(‘ exeepiiou of 
those for tail and foot in the (b lot (both mah* and feinalej. 


"• Since the iatcr me^isuremonts of the ( 3 ioid tlio 
ered, this number is considerably less titan the 
in life. In all, 879 Fi mice were actually /iicasiircd. 
371) is not included in these computation.-'. 


190!) lots an; hero coiiMid- 
iiuiiiIm*!’ measured (‘urlier 
Of ctoirse. (he h)t. (p. 
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In the latter cases, the sign is reversed, though the differences 
are much smaller in amount than the positive ones shown by 
the other three lots. As corroborative evidence, of possible 
relevance, we have the differences between the and B3 lots, 
which were shown in table 9 . 

These figures, in the aggregate, seem to me to render it highly 
probable that the two contrasted series of mice differed from one 
another because they were the offspring of cold-room and WQr7n- 
room parents, and not because of chance assortment or of any irrele- 
vant influences acting upon the ajiimals during the experiments. 
This niay be said without committing myself to any particular 
interpretation of the facts. Whatever differences in type the 
four different lots display among themselves, they all agree with 
one partial exception, in showing a greater body weight, and 
greater length of tail, foot and ear for the offspring of warm- 
room parents. I freely grant that the single partial exception, 
among the four cases, considerably weakens the statistical 
significance of the figures. Likewise the fact that greater differ- 
ences arc sometimes shown between' corresponding sections of 
different lots than between the two contrasted sections of the 
same lot point to the operation of wLolly unknown causes 
which affect to a considerable degree the growth of the body 
parts under consideration. For the C2, C3 and C4 lots were the 
offspring of approximately the same groups of parent animals, 
and the conditions to which they were exposed during growth, 
so far as temperature, at least, is concerned, do not satisfac- 
torily account for any of the differences between them. 

I say approximately the same groups of parent animals, 
since precisely the same individuals among the Bi mice do not 
figure as parents of the various C lots. It might therefore 
be suggested that these accidental differences in the parentage 
of the different (i.e., Fi) lots might account for the dif- 
ferences which they display among themselves. And, as I 
have already pointed out, the possibility of original germinal 
differences between the cold-room and warm-room sections of 
the parent generation might be suggested as an explanation of 
the differences shown by the two contrasted lots of offspring. 
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In table 15 those nioinbrrs tlu* A t^enoratioii h:n»‘ biaai 
grouped by themselves wliirh bi'oaino the pareiiU of- tin' lb aiul 
B 3 groups respectively, as wvW as the graiHl])areiiis of ('aeh of 
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sary relation to differences in gei ininal eon^litution. they slioiihh 
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Of course no original germinal differences between the cold- 
room and warm-room sections of the Bi lot could here be recog- 
nized, since they would have been overlaid by the effects of 
differing environment. But here we may perhaps learn some- 
thing from a consideration of the graiidparental (A) genera- 
tion. On the other hand, this grouping of the Bi animals might 
be instructive in relation to the differences shown by the C lots 
among themselves. 

I can hardly expect the reader to make any careful study of 
these two tables (15 and 16). I have myself analyzed them 
with some care and caff find in these chance differences of parent- 
age no satisfactory explanation of any of the conditions found 
in the ‘O' generation. For, although the differences are in 
some cases of the sort required by such an explanation/® (1) 
they are in some cases of an exactly reverse nature, and (2) 
they are in no cases of sufficient magnitude to have any bear- 
ing on the situation. They are commonly even smaller than 
the differences found in the C generation, whereas a consideration 

Of course the clilTerences bctivecn the warm-room and cold-room animal? 
of the Bi generation arc not here under consideration. 
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of the coefficient of heredity ([ip. 4*J0 421) 4iows us (luit even 
in the parent generation, they should be st^ eral times as large 
as tiiese^ in order to have any explanatory value in this (anmc'etion. 

Another objection may bo ohored to tlie signilitauua^ of 
my results, namely that my statist ioal pro(aHlure lias led me to 
underestimate the operation of (‘haiK'e in detiaanining these 
differences between the t^Yo contras led lots in the F, genera- 
tion, I have, it may be pointed nut, used individuals as units. 
In order to determine whether the relations whieh 1 Inul found 
when individuals were used as units would be altered if fraterni- 
ties were taken instead, the figures shown in taldi' 17 uen‘ 
computed. It will be seen that, for relativi' tail limgth, tln‘ 
sign of the difference between the ‘w:iniv and ‘<*old’ figures 
has in no case been changed, and that, in general, tlie averages 
computed by the two iiietluHls aw closely similar. I have 
taken the trouble to obtain the prohahle erroi-s for the (b males 
only. These are considerably greater (24 to do per cent) when 
fraternities are used as units, and this differeiua^ would doubt- 
less hold throughout the table. Hut sueli ehangi's wamhl not 
seriously weaken the validity of my results. 
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Another fact which more seriously affects the interpretation 
of my results must now be considered. Mention was earlier 
made of the fact that about a third of the warm-room section 
of the parent (Bi) mice were kept for two weeks in the cold- 
room, before being transferred to the. warm-room. It is well 
known that, whereas adult mammals maintain a nearly or quite 
constant temperature under the most diverse atmospheric con- 
ditions, the young of many species pass through an undeveloped 
stage during which their body temperature may fluctuate widely 
in accordance with external conditions. It might therefore 
be argued that even if the germ-cells could not have been di- 
rectly influenced during the adult life of the parents by the 
temperature conditions imposed upon the latter, they may 
have been so influenced during those early days before homo- 
thermy had been established. 

Unfortunately, the number of individuals available for this 
liighly important test was very limited. Out of the 262 mice 
of warm-room parentage in the O2, O3 and C4 lots, only 72 
were the offspring of parents which had been kept in the cold- 
room during the earlier weeks of their* lives. There are thus, 
on the average, only 12 individuals in each of the six grefups 
comprised in table 18. But it is of possible significance that in 
each of these six cases, the figure indicating relative tail length 
i.s lower for animals of this parentage than for the warm-room 
descendants at largc.^' The small number of individuals avail- 
able renders a comparison by size-groups impracticable, and 
we liave seen that absolute measurements can be compared 
only with great caution. We find, however, that in respect to 
tail, foot and ear, the offspring of the 'b’ section show a lower 
absolute figure in 13 out of 18 cases than those of the warm- 
room parents at large. Since, howe^'Cr, the mean body length 
likewise differs, this comparison is not very instructive. It 
must be stated, finally, that these figures for the offspring of 

*' A fairer compnritrion would have been that between the offspring of the 
‘b’ section of the warm-room i>arcnts, and those of the ‘a’ section alone (table 
2). The contrasts thus sliown would, of course, have been even greater. 
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the warnn-raom series have, in some cases, actually fallen 
below those for the animals of cold-room parentage.^* 

I have computed the mean relative tail length for such of 
the section of the Bi warm-room mice as became parents. 
In the case of the males, this figure agrees very well with that 
for the warm-room parents at large, while in the female lot 
it is actually greater. The relations shown by the young do 
not seem, therefore, to be explained by any measurable parental 
differences. 

These meager data, based upon such small numbers of ani- 
mals, are, of course, inconclusive. But in so far as they have 
any significance at all, they point to the possibility that the 
greater part of the modification of the germ-cells, from which 
resulted the differences between my ^wa.rm^ and 'cold’ series 
in the Fi generation, was effected during the first two weeks 
of parental life, at a time when the body was partially per- 
meable to temperature influences. This fact, if true, would be in 
conformity with the current explanation, offered by opponents of 
the Lamarckian principle, for the various known cases in which 
parent and offspring have been modified in a parallel manner, 
namely that the given environmental agencies have affected 
soma and germ-cells simultaneously. And I must concede 
that the very inadequate data of my own, just cited, lend more 
probability to this alternative than I was previously disposed 
to grant it. As I have more than once declared, however, this 
hypothesis of "simultaneous modification of the germ-cells” 
is by no means as simple as it looks, and, in respect to the 
‘coiiceivability’ of the processes involved, it has little advantage 
over theories of a more strictly Lamarckian type. This is 
particularly true if the chief factor in bringing about the parental 
modifications was humidity, rather than temperature, for at no 
time can the body be said to be permeable to atmospheric 
humidity. 

It must now be considered in how far the modifications of 
parent and offspring in my experiments were actually parallel 

That is, in addition to those cases (in the Cs lot) where the Svarm’ figures 
were already lower. 
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1 . Method of genetics 

The aim of most of the work now being doi - 

of inheritance is to identify in the hereditary complex the dis- 
crete units, factors, genes, which apparently control the external 
appearance of the organisms. 

The method commonly in use to accomplish this genetic 
analysis is hybridization or cross-breeding. Forms, differing 
in one or more respects are mated, the crossbred offspring 
are mated together and with the parents, and, depending on 
how the characters are distributed, the gametic structures of the 
animals are formulated. 

The most that can be done by this method of crossing and 
hybridization is to discover the relation of one character to 
another as* they appear in heredity, and from this we may 
form a hypothesis concerning the relations of the factqjs to 
each other as they act in the ontogeny of the organisms. ^ 
cannot get beyond hypothesis until we are able to go behind 
form and color as we see them, to the inechanical and chemical 
nature of the processes and the factors which control them. 
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Pernitzsch ('13) is‘atteni])ting su(‘h an analysis (>f tho races 
of Axolotl which Haecker has hocn using in Ins gi‘ii(4i(‘ cxpi'ri- 
ments. After speaking of tlie hyl^ridizalibn tnothods as a 
means of identifying the factors of heredity, he says (p. 1 19V. 

Eine vollige Sicherheit ist wohl aiif einein anderen Wegi' erri‘ii4iinir, 
iiidem naan nehmlich die Uiiterschiodc zweier Ihissen, die dureh 
mendelnde iiussere Mcrkmale vevsflnoilcn siiui. indghfhst gt'unu 
luorphologisch und physiologiscli unteisiRdit, and ilnv I'd'steliung urul 
allmahliche Divergenz iin Vcrlauf dor t)ntog(‘uest' his zuiu V'i zuriuk- 
verfolgt. 

Pernitzsch, in his study up to tlu’ pjvsent liin(\ has eslah- 
lished certain, striking difTorences in form and l)(diavior of pig- 
ment-cells in the integUiacnt of tlie thn‘(^ vari('tit‘s of Axololl. 
Certain other simple analyses of this nature liave alreiuly lu'en 
accomplished and have illuminated (lie fudd au<l pre[)a.red for 
suggestive. interpretation of the facts. As ex:im[)h‘s: 'Du' com- 
pound nature of the coloring in agouti hairs ami llm ability 
of this form to give rise to the oilier colors; the roh' nf oxvilasis 
and chromogens in producing animal |)igments: tlu‘ iiihiluling 
action of certain oxyphenols on this reaction and its bearing on 
dominant whites. The facts presented in this p:ip('r aix^ olT(u-(‘d 
as a contribution to the method for tlie experimental study of 
heredity, described above. The form used is Die tiimliii'i pigeon 
and the characters subjected to anal\sis ar(^ lh<’ vaimms self- 
colors found in this variety. 


2. Granular nalure oj melanin pif/mnU.s 

The pigments concerned in the jiroduction of color in ( ‘olurnba 
livia are of the class known as melamus. Abdanin ])igmcnis, as 
far as is known, are granular in nature; often tlie granules arc of 
definite shape and of measurable size. Post (’94, p. 491) states 
that a particular shape is peculiar to (;acli genus of animals. 
For example, the pigment granules in the dog arc whetstone- 
shaped; in tho%umea-pig, short and tluok; in pij^eon.s rods of 
measurable size. Haccker (’90, p. 70,) speaking o ca lus in 
general, says that the pigment granules arc o\ al, spmdle-shapca 
or circular in form. He specifies that the granules of the n.st- 
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brown feathers of a certain variety of pi^(^ns are, spherical and 
he gives some good figures of these. Strong (’02, p. 155) held 
►that for birds thi granule shape is always rod-like and of a 
definite size for each species. He later (’03, p. 269) qualified 
this statement to account for spherical granules which he dis- 
covered in the irridescent neck feathers from the pigeon. At 
this time he took the position, since abandoned by him, that 
these so-called metallic colors were dependent directly on the 
spherical form of the granules. 

3. Origin of pigment in feathers 

Investigations on the processes of {figmentation of the de- 
veloping feathers have been carried on by Post (’94) working 
on the dove, Kabl (’94) on the chick, and Strong (’02), on the 
common tern (Sterna birundo). Strong was fortunate in the 
choice of his material for this study, since in the tern the ♦pig- 
ment cells are comparatively simple and the' process is direct. 

At least one fact concerning, pigmentation in birds is now 
well established, that is, that the entire process is confined to 
the epidermal layer of the feather. Post and Rabl early agreed 
that this is th^ case, and Strong in 1902 laid considerable em- 
phasis on the matter. A large number of feather germs has 
been examined in the course of my own work, and among all 
the preparations not a single case suggesting melanin formation 
in the pulp has appeared. 

In the feathers of the common tern, which contain black 
pigment, Strong (’02, p. 165) described the pigment as fimt 
appearing in certain of the intermediate cells near the pulp 
region before the differentiation of the ridges. The pigment 
corpuscles, at first exceedingly small, increase in. size, become 
deeper in color and more numerous, until they finally form a 
complete ball. These dense black balls, two or three of which 
are seen in each ridge, are the pigment-cells.# When the 
ment-cells reach this stage they send out processes which finally 
arrive at the future barbule cells, and in some way distribute 
pigment to them. 
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;< Although this description in its essential features will answer 
for the pigmentation of pigeon feathers, it must he considerably 
modified' in details to fit the pj’ocoss in certain of tlie I'olors, as 
will'be shown later. 

figure A illustrates diagram mat ically tiie parts of a 
fully developed definitive feather, while figure B siiows the 
general ielationship of the parts in the feather germ. It is 
believed these figures will facilitate following the discussion 
and vmderstanding the positions and relations of the tlrawings 
in the plates. For an account of the structure of fwithers the 
reader is r^erred to Mascha (/Oo), wliile the general proci^ss of 
development and of pigment formation is dcscribeil liy Strong 
C02). 

4‘ Materials and nnihods 


As mentioned above, the material for this work was taken 
entirely from tumbler pigeons. These birds as they are iiaiulled 
by the fancier exist in six different so-ealled self-colors, namely: 
red, yellow, black, dun, blue and silver. Another self 'color,' 
white, due to the absence of pigment, is not considered in this 
paper. These six colors will be described in .detail, as they 
are treated individually. The pmdicular individuals mentioned 
in this work are among tho.se used in the breeding experiments 
of the ’Department of Experimental Breeding at the University 
of Wisconsin. They are of known parentage and genetic, con- 
stitution and can be identified in other publications of this 
department .(Cole ’12, ’14) since the birds are referred to by 
thdr permanent record numbers. Young birds of any color were 
to be had almost throughout the year, so that, all things con- 
sidered, the material available was almost ideal for an mves- 


iigation of this sort. 

Thft methods used by Strong (’02) were found to be gcncr- 
% satisfactory and were essentially followed, lortions of 
ihole feathers #ere cleared in chloroform and mounted m gum 
dammar. The most instructive preparations for a study of 
pigmentation in the adult feather were made by shearing he 
harhriles from the barb' with a fine scissors, cutting para 
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Fig. A Diagram of a portion of the vane of a coriiKicd feather representing 
parts of two adjacent barbs with their two kinds of barbules, and showing the 
way in. which the latter are interlocked by means of the minute hooks. 

Fig. B Diagrammatic cross-section of a feather fundament showing the rela- 
tions of the parts as they develop. At the lower margin in the shaft of the future 
feather, st.', the interior is filled with pulp, p; the epidermal region, e, is. break- 
ing up into ridges, each of which represents a barb with its barbules ; the whole 
is surrounded by the feather sheath, represented by the single line. 
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with the barb and toward tlie shaft. ]„ ,iiis wav la,-,- 
bers of barbules collect on the blades of Hie scissors and ,.an he 
scrapeti on to a slide and mouuted dired. 'I'liis llattens „iit 
the barbules and exposes tlicnrto view throuulmut ll„>ir whole’ 
extent. Sections of diy feathers were made l.v moiiiKimr i„ 
paraffin from chloroform and eutlinir oii a .Minot miemlome 
In order to obtain ribbons so as to preserve the parts in tlieir 
proper relation on the .slide, it was necessary to l•o^•(>r the enttint; 
surface of the block with a tldn film of celloidin after each section 
was cut. 

As fixing reagents for fcatlier fuiuliinuMUs KI(>inenl>crg'K 
picro-suiphuric, and also the fluids of Bonin and (lilson, were 
found satisfactory. As a clearing agent xylol pi-o\’(Ml in hv 
unsuitable, its action being to harden and to iiuavasf' the brittle- 
ness of the feather genn. The use of ehlnrofonn obviated this 
difficulty. Best results were got when tlu' changt' from ehliH'o- 
form to paraffin was made gradually, hy saturating tlu^ clear- 
ing chloroform with paraffin befon' transfmTing to \)n\v parafliu. 
For good results infiltration with iiaralliii was contirmc'd for at 
least three days. In sectioning, th(‘ siah's would ribbon off 
nicely near the umbilical end of the h'athfM- g(‘nu, hut the sec- 
tions showed an increasing tendency tf) fall out of the ribbon 
as the cornified part of the feather was ap|)roacluMl. ddu* linal 
sections in the series invariably fell out of tlu' ri])l)on, ami it 
wag necessary to pick them up carefully by a inoist(UKMl iumhIIc, 
and remove them one by one to (he slide. 

In staining, for the most part, weak cvto[)hismj(; .stains W(‘r(‘ 
used, for it is easy to obscure the pigment granules, and to con- 
fuse them with other cell structures whi(‘h slain luNivily wlnm 
any considerable coloration of the sections with l)asi(‘ staiiis is 
produced. 

The invaluable suggestions and criticisms of Dr. L. J. ( 'ohy 
given throughout the course of the work, hav(' been an essent ial 
♦factor in accoiftplishing whatever]* r(‘sul1s arc lien^ prcscnt(‘d. 
The writer also wishes to express gratitiuh^ foi‘ valuable assist- 
ance given by Dr. .R, M. Strong, at his hiboratoiy in the Univer- 
sity of Chicago, for a short period at tlic j])c<‘[)1ion of the work. 
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EXPERIMENTAL FINDINGS 
1 . Red color of pigeom 

a. Distribution of red pigment in 0ie feather structures. The 
so-called 'red’ of the domestic pigeon belongs to the series of 
browns rather than reds. Ridgway’s (’12) chestnut (plate 2), 
or pecan-brown (plate 18), are nearest the typical red of pigeons. 
These colors may be bright or dull, light or dark, but the range 
of variability is small and reds of whatever kind are easily classi- 
fied as such. The most extreme variance from the t3T3ical red 
is the color called, in our work, 'plum color,’ or 'wine color,’ 
to be considered later. 

If the pigment masses in a preparation from a red feather 
are examined under a microscope by transmitted fight they 
appear red-brown in color, very much as when examined by 
gross methods and reflected fight. Apparently the individual 
granules in a red feather are never dense enough to exclude 
all the light, thereby appearing black by transmitted light. 
Further, it ls impossible, in the small space within any feather 
structure, for the granules to be thickly and deeply enough 
packed to become opaque. When feathers have been cleared 
in chloroform and xylol even the thickest parts of the barbs are 
readily pervious to light and their red color unmistakable. Fur- 
ther evidence, if it were needed, for the existence of a pigment 
substance red' in color, has been obtained by chemical methods, 
and will be brought out in the section devoted to that subject. 

Typically, all the structural elements in the red feather con- 
tain pigment material. Figure 1 is a cross-section of a red 
feather vane, and shows this condition. If there is any reduc- 
tion from the maximum pigmentation (i.e., fight red) the first 
structures to suffer loss (the pigment-free areas at the cell 
boundaries are not considered here) are the haemules or hooks, 
followed by the hair-like terminal extension, first of the curved 
barbules and then of the hook barbules. *In All kinds of red 
(also, as will be seen, in colored pigeon feathers generally) the 
hook barbules are more heavily pigmented than the curved. 
Figures 3 and 4 show the relative intensity of pigmentation in 
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these two kinds of barbules. Any reductions of pi foment further 
than those in the haemules and terminal libers, nuMniv)ned above, 
fall most heavily on the curved l)ai‘bules: the\’ (‘an be almost 
devoid of pi^nent while at tlie sainc^ time the hook baii>u!es 
show practically no reduction in pi^nnaitation. d’his c^indition, 
which results, in a grating of paralk^l pigmented and non-pig- 
itiented lines, is associated with the ciTect known as 'grizzled/ 
and will be dealt with more fully at aiiotlu^r time. 

The barb in typical reds contains some pigment (tigs, 1 and 
5). The cortex, in covert feathers, is uniformly [)igjnented 
from apex to ventral ridge. The cavities of \\iv uuMlulhiry 
cells are also copiously lined with ingmeut granules. In llight 
feathers, in which the barb is always thin- and high the portions 
of the cortex beneath the barbules are mor(‘. sparsely pigmented, 
causing these feathers to appear dull in color when vii‘wcd from 
the ventral aspect. Figure 45 is hom a black fcaither, but 
shows this condition of distribution. The dull ashen color seen 
on the under side of the wing in typical red l)irds is due to 


this condition. 

As pointed out, the region near the transverse uiiIIn ol tin 
barbule cells generally tends to be free of pigment . I Ins 
serves to br^k up the pigment into so))aratc massi's giving a 
^gmented appearance to the loarbule. Tlie decree of th« scr- 
mCTtation-that is, the breadth and clearness of ' 

free area-has an influence on tlie color effect of 
Lightness and darkness in reds (shown later) dei>ends thi< !> 
on the number of granules per given area, but sparse ^ ‘ 
tion is generally associated with a broadening o the pignu nt-frin 
band. The boundaries of this area are not cleancul, henvev.^ 
They are broken by invading rows of granu es, and ocras. 
graimles may be .found scattered w.thm the area (fig. 4^ 
Sen more ^anules are present the pigment encroaches on the 

haps, more p»p»lj, * “.nd 

'red; li^e 5 is tan 93 B » '.vrfirfrenl' l«ls ml. ”1 «" 
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.6 from a light red feather of 894 B. The light or dark con- 
dition is clearly a function of the number of pigment granules 
present and involves no change in kind or form of granules. 

b. Granule form. In red birds the granule form is without 
exception spherical. The granules are for the most part, though 
not always, uniform in size in each barbule. The typical size 
is about 0.3 jx. In typical reds, or even better in dark reds, 
where the spherical granules are packed in tightly, they assume 
more or less the arrangement taken by round shot if placed 
on a plain surface and crowded together, presenting the appear- 
ance of rows running with the length of the barbule, the granules 
alternating in the rows (fig. 7). This linear arrangement is 
not due alone to being packed into the cell, however, as it is 
also seen in the light reds where the granules are thinly scat- 
tered (fig. 6). Haecker ('90, p. 70) also observed this latter 
condition in referring to the spherical granules of the rust- 
brown pigeon feather, ^‘welche in pcrlschnurartigen, der langs- 
.richtung des betreffenden Organs folgenden Reihen angeordnet 
sind." 

c. Plum color. There appears in some of our red birds, es- 
pecially in the region of the breast and belly, but often spread 
over the shoulders and back, a greatly modified condition of 
the typical red. In our work we have spoken of this as plum 
color or wine color. Ridgway's indian red (T2, plate 27) is a 
near representation ' of this color. The color also lacks the 
brightness arid warmth characteristic of red; it is cold and pos- 
sesses a bloom like that seen on an unwiped plum rather than the 
sheen seen normally on reds. 

The granules of pigment making up this color are spherical 
ill shape but remarkably large in size, often reaching 2.5 to 
3 M in diameter (figs. 22-23). I'he distribution in the barb 
is much the same asdn normal red, with the exception that the 
ventral part of the cortex bears fewer granules (fig. 24) . In the 
barbules segmentation is always marked, and the boundaries 
of the pigment masses always clean-cut and distinct. These 
broad clean-cut pigment-free areas, combined with heavy pig- 
mentation, doubtless play a role in producing this color effect. 
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d. Development of red pujun-nf. y\m nf pi^mont for- 
mation in red pigeon feathors ai)p(^ar in inlcriodiato and 
inner sheath cells some time before the format iiui eif the ridges 
(fig. 8). The pigment aj)peiii's promiseuoiisly tl iron ghoul, lliis 
region as minute granular clumps, in or biMween llu‘ (vlls; al a 
somewhat later stage, but l)efore ridge formation, this promis- 
cuous elaboration of pigment becomes more general; thr clumps 
are denser and more numerous. Often just before ridge forma- 
tion this pigmentation is so generalized that one gets the im- 
pression that practically all the cells in (he licld atv taking pari 
in the process. 

The epidermal layer is now cut up into llm ridge.s, (vudiridgo 
enclosing its share of pigment material and a.c(iv(‘ ctdis, which 
are scattered niore or less throughout the -tissm^ of the ridg(‘ 
(fig. 10). At this time certain of the cells begin to increiw^ in 
size and activity, pigment accumulates in tliem, hecomc.s closely 
packed and either sends out its own liranclies or betannes asso- 
ciated with other branches and pigment paths formerly exist- 
ing. These are the so-called melanohlasts, inchnoiiliores or 
pigment cells of writers. TIkw most fri^numllv lio noa.v the 
base of the ridge, but have been found iu all situations within 
the inner sheath cells. 

The fact that such specialized cells do occur in d('velo]>ing 
feathers, that they are large, tliat they an^ mdividv fonniug 
pigment and that they extend api)arcnlly continuous bnnudics 
into the outer regions, has led some work(u\s in this h(hl to ascribe 
the whole duty of pigment formation to lluan; some unusual 
substance is supposed to be resident in th('s(‘, cells which (uulows 
them alone with the faculty of elaboi-atiiig the ])igmoni, and 
further to distribute it to other cells of the tissiu*, gciuunlly by 
means of pseudopod-like ramilicaiions. As Strong ('02, p. 
168) pointed out, in the case of the do\'e, the ]Ugment cell }>roc- 
esses are irregular in fornn In the tumbler ))ige{)n this con- 
dition is extremely marked. In fact, th<* processes are so tor- 
tuous that in working with a series of cross-sections it is ^’cry 
difficult, often impossible, to establish their (ionlinuity. Hend- 
ing as they must so sharply upon themselves, tla^y appe.iir in the 
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sections as isolated, irregular, elongated pigment masses, occur- 
ring promiscuously throughout the ridge tissue. 

Klee (’86, p. 139) believed that besides the pigment from 
the branched cells there was another source; he sayR that ^‘An- 
derseits sah ich an den Zellen der Strahlen, etc,, noch eine sozu- 
sagen freie Pigmentbildung.” Strong (’02, p. 170) has stated 
that he cannot deny. that there is a free formation of pigment 
in the barbule cell's independent of that supplied by the pig- 
ment cells. Winkler (’10, p. 618) observed in regenerating 
tissue of Salamandra '^dass schon sehr fruhzeitig die ober- 
flachlichste kernlose Zellenlage reich mit Pigmentkdrnchen 
erflillt ist,” and that these or other cells later developed into 
branched pigment cells. Pigment development in tumbler 
pigeon feathers furnishes demonstrative evidence that this 
faculty is by no means confined to the speciahzed pigment 
cells. As has been shown in the earlier stages, the process is 
exceedingly generalized throughout the tissue, and I am unable 
to conclude that this activity on the part of the intermediate 
cells in general, ceases upon the development of more specialized 
cells. Any of the intermediate cells, it seems, may be stimu- 
lated to increased pigment-forming activity, whatever their 
location, and all stages of activity are seen, from'dhe extremely 
specialized branching cells to tho^sc forming but a few granules. 
It is even possible that the entire pigmentation of the feather 
may take place without the ‘activity .of specialized pigment cells. 
The series represented by figures 11 to 15 represents such a condi- 
tion. Abundant pigmentation is taking place in this feather, but 
scarcely ever is a well-developed pigment celrseen. Figure 16 
also shows the- feather structures becoming well pigmented, but 
specialized pigment cells are absent. 

2. Yellow 

a. Nature and distribution. Among selt-colored . birds the 
colors red and yellow are perfectly distinct. Even the lightest 
. reds and darkest yellows are easily placed in their proper class. 
In appearance these colors bear the relation to each other of 
dilute and intense conditions of the same pigment material 



KEATHER PIGMENTS OF PKiEONH 


45a 


That yellow is a dilute condition eaii be demonsi rated by even 
ft hasty microscopic examination, of the feathers, and the fact 
is further borne out to the degree of certainty by a coniparative 
chemical study of the two kinds of feathers. Microseopieally 
the pigment is seen to be far inoi-e spai'sely distributed than in 
reds. Often under strong light tlie pigment in the barhuhs is 
almost imperceptible. In eross-sections of corniliiHl fivitlu'rs, 
ej^ecially; the attentuated condition of the ]ngnieni is well 
demonstrated (fig. 17). As regards the relative distribution 
to the various feather parts, there arc some constant ditTerences 
from fhe conditions seen in red. In the barbules the seg- 
mented condition of the pigment is seldom to be seem dig. 18) 
though the hook barbules may show it in a weakly dev (‘loped 
condition (fig. 19). It is not likely that this condition is a 
fundamental one correlated with yellow color, siiu-e yidlows art' 
perfectly capable of developing this condition if enough i>igment 
is preseiit, as shown often in the hook barbules and ev(‘n occa- 
sionally in the curved barbules in dark yellows. Also, as a 
further result of spai-se pigmentation, the nuedear arcAs are 
not so well marked out. In all preparations of ytdlow that, I 
have examined the hooks or haemules arc always (unhko red) 

pigment-free (fig. 19). . r i 

The barb in yellow feathers (figs, 17 and 20) contains far l(‘ss 

pigment proportionately than*the barb in reds (figs. 1 
In the former it is almost entirely confined to thci a))ex; w 
lateral sheets of cortex and the medullary cells arc usua y 
however, large dense iriassos ot 
but distinct in outline, occur in th(5 


pigment-free. Ckcasionally 
pigment, irregul* in shape 


cortex substance. • ,, i 

■ b. Granule form. The crucial difference, between “ 

red, however, has, not yet been mentioned, t ‘’1 * I 
the nature and form of the pigment grannies. As ^ ^ ’ 

the pigment in reds exists as distinct clcan-eut b™; 

ules, typically 0.3 u. in diameter. No such sphe .. . - 

bee; id in a yellow feather, in the course o ^ 
pigment exists as irregular formles.s clutnps, agg 
xLe blotches of pigment appear Imely granular m nature, 
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but are so fine, that discrete particles are beyond the limits of 
a 1.8 mm. oil immersion objective (figs, 18-20). This differ- 
ence between reds and yellows is sharp and is constant. When 
minute patches of reddish pigment are present on a dun, black 
or white feather, it is frequently difficult or impossible by gross 
examination to classify the color as red or yellow; but micro- 
scopic study of such areas serves unfailingly to distinguish the 
colors by virtue of the morphological difference above cited,- 

c. Developmerit As regards the development of the pigment 
in the yellow feather fundament, the process is practically iden- 
tical with that described under red, except that the end-product 
is, on the one hand, distinct spheres, on the other, irregular 
pigment masses. A study of pigment formation in yellows bears 
out the assumption that a large part of the pigment is elabo- 
rated by non-differentiated intermediate cells. Specialized pig- 
ment cells often are not present at all in the basal regions, while 
abundant and generalized pigment formation is going on in the 
barbule region. Figure 21 shows a small, and rather inactive 
pigment cell {pgxl.) such as is often seen in these feathers, 

d. Black 

a. Nature of the pigment Haecker (’90, p. 70) assumes that 
the ‘rust-brown’ pigment, such as is found in red pigeon feathers, 
“underlies all brown, gray, blacR and blue colors,’’ that is, out- 
side of the structural distribution of pigment these colors bear 
only a quantitative relation to one another. These relations 
are hypothetically possible if the pigment substances were 
always seen by transmitted light, since in thS case any particle 
of substance impervious to the visible spectrum would appear 
black, although by reflected light this particle might give any 
of the spectrum colors. 1 have found that a microscopic ex- 
amination of black feathers at once reveals striking differences 
from red or yellow and immediately places them, on the basis 
of the color of pigment, in a wholly different category from these 
colors. This work has indicated that the color of the pigment 
in a black bird is a true black and not an effect produced by the 
massing of dark brown colbr material. In a black feather 
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regions can always be fomul where the pi<-meut granules are 
thinly scattered so that individual particles can lie examined 
The smaUest granules,, about 0.:i p, are, not altogetlier im|,er- 
vious to light. The light wliieh they ti'aiismil, howe\a-r, shows 
no effect of differential alisorpiinn ami' is es.seutially wliiie 
This gives a color to the gnumlt's which might he described 
as ‘attenuated black or dun. iu those youiig regions of tlte 
feather germ where the pigment is so parsely se.atlered and 
finely divided as to be perceptible only as a faint nehnla,' its 
identification as black pignuml is already possible, h'intdlv tin- 
existence of a black pigment substance is deinorist rated beyond 
further doubt by its isolation and itnriliealion by cliemical 
methods. 

h. Distrihuilon. Black feathers aw rif'lily .supfdied willi 
pigment. Its distribution iu the dilforent feathfu’ stni{‘tur<‘.s is 
in general similar to that in red. As iu tvd, the hook bar- 
buies are almost invariably more lioavily pigiuentinl \hin Ww 
curved barbules, and the piguumt-fiT.c areas at f f-ell bounda- 
ries, though generally well marked, arc fre<iiiently very narrow. 
An expression of the richness of the piguu'iit siipj)]y ifi blacks 
is the condition of' the haemules, which are hen', more h(‘avily 
ladened with pigment than in any other cases (‘xamiiu'd. hi 
reds this region carries but slight amounts. » 

c. Granule form. As regards gvanuki form, blacks ()res(Mit 
varying conditions. If the barbules are luxivily pighu^nUHl 
and the granules closely massed, as is geiun-ally tlu^ (‘ast' willi 
hook barbules, granule form cannot be determined. In t:iu‘ 
lighter colored curved barbules where the pignu'ut is (hinly 
scattered, regions can always be found where individual granuh's 
can be distinguished and their size and sliape detenfiincfl with 
fair accuracy, 

A study of feathere from certain black l)irds in our colony, 
shows the pigment to exist as well-dchned, uniform, s))herical 
granules about 0.5 // in diameter, packed in the cell in mueli 
the same way as the granules in a red bird (ligs. 27 2S), If iu 
such a bird feathers from various regions of the body arc ex- 
amined, this condition of the granules will bo found throughout. 
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In those struct:iires too heavily pigmented to allow the obser- 
vation of individual granules, the uniformly ^pebbled’ appear- 
ance of the surface of the pigment mass yet serves easily to dis- 
tinguish it as made up of spheres; such a bird is 1037 B (figs. 
27-28). Feathers frbm other black birds may show an en- 
tirely different condition, for example, 7 A. Practically no 
spherical granule's can be found in this bird. The pigment in 
all parts of the body exists in rod form about 0.8 to 1.5 fi long, 
and 0.2 ju in diameter (figs. 25-26). In general, the long axis 
of these rods is parallel to the long axis of the barbule, though 
in the region of the old cell nucleus they are often tilted as 
if they rested or were pressed against the walls of the nucleus, 
thus forming in optical section, a roughly circular cavity. 
Cross-sections of black feathers show in all cases spherical 
granules, a result to be expected, for cut across and viewed 
on their ends, even the rod forms appear circular in outline. 
These birds, 1037 B and 7 A, are similar in color, in intensity, 
and in sheen. 

The type of blacks represented by 1037 B, in which a rod- 
like granule is practically never seen, is not common. Neither 
do birds showing as nearly an absolute lack of spheres as 7 A 
appear frequently. The commonest condition is for one kind 
of granule to predominate greatly and the blacks can generally 
be classed as 'predominantly spheres’ or 'predominantly rods.’ 
A few* cases have been seen where the rods and spheres were about 
equal in number. Sixty-five black birds have been thoroughly 
studied in this respect, but up to the present time the granule 
shape has not been found correlated with either age, sex, or 
genetic constitution. Conditions here are very suggestive and 
a more detailed study of this matter will be made in the imme- 
diate future. 

d. Development. Black pigment, at its first appearance in 
the. feather fundament, is not unlike red in form and behavior. 
Black pigment is seen first between certain of the outer inter- 
mediate and inner sheath cells, as a fine granular haze char- 
acteristic ' in color for the black pigment of the feather. The 
corpuscles’ making up this nebula rapidly increase in size, appar- 
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ently by a i^nning together of the finer jiartick's. Mini well 
defined particles are see^i at .an early stage, iogure 29 sliows 
the position in which this pigment first apiicars. and also the 
promiscuous way in which it is spattered throughout tlie tissue. 
The spot marked X is shown under higher magniiicalion as 
figure 30. It is hard to see how this augment eould hav<* arisen 
in any other manner than an autoehthonus activity of nou- 
differentiated intermediate cells. .A [can while, tlu' (‘ells or regions 
elaborating this pigment become more mmu'rous till a (‘ondition 
of general hut very sparse pigmentation is producpHl. Hy tlu‘ 
thne ridges have formed, certain of tluj cells have incnvised in 
size and become specialized for ])igment jirodindiom Thesn 
pigment cells generally develop among the inner int(‘rnu‘ilialn 
cells, but frequently they are found nearer to the future bar- 
bule cells. At a very early stage they send out l)ratic}u‘s which 
at first seem to have no particular direction (fig. 31) hut later 
only those directed toward the barbule cells remain aedive; tlu^ 
others either become spent or withdrawn. 

The well developed pigment cells of black feat.lH^rs furnisli 
better evidence than do those of red, that the pigment proc- 
esses are continuous and actually function as patJis for tlu^ 
translocation of the pigment granules from the pigment cell 
to the outer regions of the barbule. Kvdry pigment cell is 
provided with one or more such rays, and their course is pot so 
* devious as those in red feathers. In thin sections their turnings 
arid sudden bendings have not .been so frequently cut across 
as in the case with the much twisted ray of the red fcjather and 
their continuity is more easily established. 

Of data which suggest the nature or manner (ri tlic force 
which regulates the granule shape in black, I have none what- 
ever. Frequently in the feather g<n*ms of birds which Ixjar 
both rod- and sphere-shaped granules, one ])igment cell will 
be elaborating rods, while another immc‘diately adjacimt cudl 
may be producing predominantly sj)1i(t('s: figur(js 32 and 33 
represent two such adjacent cells. 

THE iOuBNAI/ OF EXPBKIMENTAL ZOfiLOGV, VOL. 1.^, -VO. .'J 
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4 . Dun 

a. General. Dun color in pigeons is produced by the same 
pigment which produces black; the difference betwe^ the two 
colors is chiefly a quantitative one. In duns the pigment is 
distributed in different feather structures in the same manner 
proportionately as it is in blacks, but of course always less in 
absolute amount. 

Self-duns have some specific limitations, however, in regard 
to granule shape and size. The pigment is more finely, also 
probably more uniformly, subdivided than in black. The 
measurement of particles so minute as these granules is at best 
difficult, and with the apparatus which was available for this 
work, inaccurate. The granules of dun are plainly smaller than 
those of black~as near 0.2 fi as could be determined — and their 
perfect spherical shape is undoubted (fig. 35). 

This lack of rods in self-dun birds is very striking, but even 
here it is not absolute, for at ^ast two dun birds, 265 A and 
892 B, display this form of granule. In theso cases the ad- 
mixture of rods is exceedingly slight, however, and one may 
safely say that self-duns are as a rule characterized by granules 
spherical in shape and less than 0.25 ^ in diameter. 

5. Dun color in .other birds. The conditions described above 
are in all cases associated with self-dun color. We may have 
dun colors appearing in birds which are very unlike self-duns 
in genetic constitution, that is, in blue or in black birds, but 
in these cases the dun color is made up in a different way; a 
similar color effect is produced but a different set of conditions 
prevails. 

The body or wing covert feathers from a blue bird are not 
uniformly colored from tip to base (fig. 46). The distal portion 
shows the characteristic blue effect, which gradually merges 
into a typical dun color in the proximal two-thirds (or there- 
abouts) of the feather. The granule form of the pigment in 
this portion of the feather is always rod-like. The rods are 
always longer than in the black birds; they are confined to the 
dorsal portions of the barbule, and they are not found in the 
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haemules. Such conditions are shown in figures 43 and 44 and 
will be dealt with later, under bine. 

The color in black birds t]iay l^oeome so weak in certain 
regions that it may be described as dim. This condition is 
found most frequently in the .side-of-body contour feathei^, 
or under-wing coverts near the axilla. This efToct is simply 
the result of a quantitative reduction in tlie number of pig- 
ment ^anules, those which arc present being charaeteristie 
in size and shape for black birds. The black is ' diluted' without 
the aid of the dilution factor. Tliese four kinds of duns 
namely, self-dun, dun on the l)ases of blue featlnu-s, dun color 
in pale black feathers and the dun on the under side of black 
flight feathers— are similar to the eye, yet only one of them is 
the character known as dun in our breeding work. 

Dun also occurs in the wing bars of a silver bird. Study 
of a microscopic preparation of such a dun could not ilistin- 
guish it from the dun of a self-colored bird. 

c. Development. The process df devclo[)nicnt of pigment in 
duns is essentially *the same as that which has already been 
described for blacks. Figure 31) shows a young ndg(‘ with 
three pigment cells. The processes are unusually straiglit and 
regular. It will be noticed that one is a<lvanciug along the 
outer side of each lateral plate. This should l)e compared 
with the position of the pigment processes in blues where they 
are confined mostly to the axial region of th(‘ rldg(‘^ 


0. Blue 

a. * Nature of blue color in hir(k. Haecker ( IH)), Kniken- 
berg (’84), Gadow (’82) and others, showed that blue as seen 
in bird feathers is a 'structure, color.' l^'ranz Sainucly ) 
discusses several cases of animal pigment sub>tanc< s, 
color, occurring in the tissues of certain eoeJeidei aie.H, am m lo 
integument of certain fishes. No blue, {ligincnt mi anei. us 
ever been discovered in the integument of higher vertebrates, 
though this color is boUr brilliant and common, ^ “ 

birds. A thoroughly satisfactory cxplaiiatiou o ‘ ^ 

optical. properties and relations of tiic teat ei s rm, n 



472 


‘ ORREN LLOTD-JONES 


produce blue color has not yet been given. This is a problem 
demanding elaborate and refined physical technique, and biolo- 
gists have had difficulty in solving the problem. 

The color called ^blue’ in domestic pigeons has very^ little 
claim to that name. It is not at all comparable to the blue 
of the bluebird, jay or indigo bird, but resembles more the 
so-called blue of the rabbit or maltese of the cat. In other 
words, the color belongs more properly among the grays than 
among the blues. The ^gull-gray’ of Ridgway (’12, plate 53) is 
a fair representation of the blue of the domesticated pigeon. 
Typical spectrum blue, however, is found among tropical mem- 
bers of the pigeon family. 

h.. Distribution of the pigment. The pigment in these feathers 
is the same as that concerned in the production of black and dun. 
In distribution and granule shape, however, it* presents striking 
differences from these colors. It is, in fact, this peculiar distri- 
bution of the pigment in the tissue of the feathers which pro- 
duces the blue effect. In th? barb the pigment is restricted 
entirely to the apex (figs. 37-39). The lateral sheets of cor- 
tex are altogether without pigment and the medullary cells, 
richly supplied with pigment in black and in duns, are entirely 
free from pigment in blue feathers. This is in marked contrast 
to the conditions seen in the true blue shown by the birds above 
mentioned, i.e., the jay or indigo bird (Haecker ’90; Strong ’02). 
Here the medullary cells are packed with pigment which is over- 
laid with pigment-free cells and tissue. 

Striking as are these conditions in the barb they are not the 
chief factors concerned in the production of the ‘blue.’ In 
the barbule the pigment, instead of being spread throughout 
the cells in a fairly uniform layerj is massed closely together 
in th^ middle of each barbule cell. Figure 40 shows part of a 
barbule laid flat on its side. This highly exaggerated seg- 
mental arrangement of the pigment provides large areas for 
the reflection of light, modified only by the properties of the 
keratin and uninfluenced by underlying p^^ment substance. 
Light from such areas would be substantially white. Now if 
these areas are finely interspersed with regions which reflect no 
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light' (that isj black) ideal conditions for the proiluctio[i of gray 
are presented. The manner in nhich (his gray is joodilied to 
give the blue effect will now bo ox])lained. 

When in position on the barb tlie coiiditioiis of light n'lloc- 
tions from the barbules are not so simple. Ou the foatlior 
the barbules are arranged as a soj’ios of thin, curved, lamoilac 
set more or less on edge. The ihginont masses m'o so situ- 
ated within these lamellae that when viewed froiii eitlun- edge 
(that is, from either dorsal or vcmtral aspect of the fcatlu'r) 
the pigment must be viewed through a certain depth of colorless 
semi-transparent keratin substance (ilg. 37). Moreover, this 
pigment-free keratin presents to the eye a sei'ies of (-onvex 
surfaces which offer other optical possihilititxs for rctleidion and 
refraction of light. It is the eoiubiiuitiou of th(\se conditions 
which produces the condition called blue in ]hgeon feathers. 

ThaVthe blue effect is produced by a layer of pigmcnl4rn.‘ 
material mtervening between the eye and the pigment mass 
is further demonstrated by the condition seen in the base, of 
blue wing coverts, end often even in black tliglit oi’ tail feathers. 

It will be recalled that the wing coverts from a blue pigeon are 
not'blue throughout their entire extent. Only the distal part is 
blue while the proximal unexposed inirt is dun color.^ Ihcse 
color relations of the different regions of the kvMhw are m evi- 
dence only when it is viewed from the dorsal (outer) as])ect. 
Viewed on their ventral aspect these feathers are blue truin tip 
to base. A study of figures 43 and 44 reveals the cause of tee 
differences in color, seen on the two surfaces of such a featl «. 
The clumpmg of the pigment is largely 
pigment is spread, in the bases (proxuna region) f 
Averts, but the pigment in the barbule has spread m only me 
direction, that is, towanl the dorsal, recurved, marym e 

ventral half of the barbule is still p.gment-hee, ; ' 

aspect the pigment mass must still be viewed th.ough color 

less keratin, producing the blue color. 

Frequently th* flight feathers of a black 
a good black when viewed dorsally, s ow a i ui^ Pi-icti- 

ventral surface. This is again due to the presence of pracl. 
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cally pigment-free keratin, but in this case the keratin is of the 
barb, *not the barbule. The high thin form of the barb in flight 
feathers will be recalled (fig. 45) and when the pigment is con- 
fined to the dorsal portion of this structure a bluish cast is pro- 
duced on the ventral surface of the feather. This is .more 
marked when the surface is viewed at an angle other than ninety 
degrees, than it is when viewed exactly at right angles, simply 
because more of the pigment-free keratin intercepts the eye. 
This condition on the ventral surface of the black flights is 
exactly comparable to the dullness or ashen color seen on the 
ventral surface of red flight feathers. 

c. Granule form. The combination of factors which produces 
blue in a bird also has an influence on granule shape. The 
pigment in the blue regions of a feather, which occurs massed 
in clumps, invariably exists in spherical granules (figs. 40-42). 
The granules exceed in size the largest ever found occurring in a 
black feather. When massed in characteristic fashion they have 
a diameter of about 0.8 to 1 ju and are remarkably uniform 
and constant in this respect (fig. 42). If tfie pigment masses 
are small and the degree of compactness slight the granules 
assume a larger size, sometimes reaching 2 ju in diameter (fig. 
41). The alternating rows and string-of-pearl-like arrangement 
of the granules arc well marked in blue§. 

As pointed out in the discussion of dun, the pigment in the 
bases of blue feathers (which region is generally dun in color), 
assumes striking differences in form from the pigment in the 
blue region, that is, it invariably shows rod-shaped granules, 
larger in dimension and more distinctly marked than the rod 
granules of a black (fig. 43). 

The pigment in the black bar of a blue bird consists of spheri- 
cal granules, in this respect resembling black birds of the type 
of 1037 B (fig. 27). 

d: Development. The study of the origin of the pigment in 
blue feathers is attended with certain difficulties and uncer- 
tainties. There are invariably on the coiAnon blue pigeon 
two wing bars of black color involving the secondaries and 
secondary coverts. These bars are made up, as shown in 
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figure 47, by a series of black spots on I ho ('xposisl lialf of ilio 
vane. They do not always occur at tiu' saiiu' lovii ami lln-y 
are not the same width in iliti'cront l)irds. This comlitioii on- 
cludes these feathers as material for the study of migin of the 
pigment in the blue because one can not he certain wlietiiev 
the sections are taken from the bhu', oi' form the black bar 
portion of the feather. The ’wing bow' that is, the n>gion of 
the tertiary and lesser wing coverts shows tlie .so-called blm‘ 
in its purest condition. It has been pointed out, liowever, that . 
these feathers are not blue throughout their whole extent Inti 
blend into a dun in the -proximal imexposeil porlion. Here, 
also the granules are rod-shaped, not. spherical. 'I'liese long 
slender yods always arise as such, while the spheres in the bine 
portion of the feather arise as spheres. In a study of the m.-ui- 
ner of origin of these two kinds of granules the. stage of develoi)- 
ment of the feather germ and the level from which the series is 
cut must be carefully determined. The linetir dimcn.-sion of 
that part of the formative region where the origin of luginent 
is taking place is*at best very small (about 1 mm.) ami entirely 
different results are obtained, depending on whether the senes 
is taken from a level which is in the distal blue regi.ui or m th<‘ 
proximal dun region or in an intermediate position. Tlie stage 
' of developmental advancement of tbe specimen studied will in 
turn determine from which of the.se levels the senes niusl Im' 
taken. If the feather germ is old enough for the distal portion, 
which is blue (about two-thirds of the feather), t.o be even 
partiaUy cornified, the series will necessarily be taken fnim the, 
proximal dun part because the cornified region is too hard to 
section. No spherical granules will be seen at thi.s lev(, . . 
pigment cell from such a region is shown in figure 48, iroin 
fhe nuclear membrane to the end of the pigment process the 

constancy of this rod form of the ,‘ 1 , 1 ^ >h r ' 

ing. In the mature feather this region will show . dun color 

On the other hand, if the feather gerin selected is m a 
siderably earlieAtage of development 
from a level which is destined to be blue. J ' • 

such a region fairly well, but is near the Ixirdcr of the dun n.gi . 
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Here the pigment is almost entirely in the form of spherical 
granules of a size characteristic for blue. In a feather ^ghtly 
older than this, but younger than that mentioned in the pre- 
ceding paragraph, sections through the growing portion -strike 
an intermediate region where bothTods and spheres are present 
(fig. 50). Moreover, in a series of sections from such an inter- 
•mediate region those sections farther from the base show fewer 
and fewer rods (figure 49 is just within this region), while pass- 
,ing in the other direction the proportion of rods becomes greater 
and greater. 

Without very thorough study' these conditions might easily 
give rise to the opinion that in these birds the pigment arises 
as rods and is probably translocated as such, but as development 
proceeds the rods are metamoiphosed into spheres. Strong 
('03, p. 269), studying the spherical granules’ which he found 
in certain irridescent neck feathers of the pigeon, concluded that 
^^in the ontogeny of these barbules they receive rod-shaped 
granules of melapin from typical pigment-cells ’or chromata- 
phores .... During the differentiation of the barbul© 
cells however, these granules are metamorphosed from the ro(i- 
like shape to a spherical form." The possibility of explaining 
the origin of spherical granules in a red pigeon in this manner is 
, quite out of the question, for at no stage in their development 
is anything like a rod-shaped pigment granule present in them. 
The facts presented in regard to the development of pigment 
in blacks and particularly blues are, in the mind of the writer, 
ample proof that in other colors of pigeons also pigment granules 
arise directly in the form which they will permanently hold 
and that the apparent metamorphosis of rods into spheres is 
to be explained by the peculiar relation of these form*s described 
above. 

Apparently, in the color under discussion there is less free 
pigment formation in the barbule cells than is the case with 
black or red feathers. Also, pigment translocation does not 
begin so early in Mue as in black or red. Another condition 
.which characterizes blue is the more straight, direct and orderly 
manner in which the processes of the pigment cells proceed 
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outward Moreover, they are ^^oiierally coufiiual to t)ie axial 
pf the ridge, whereas the [laths followed by tlie pigment 
processes in other colors nia}' exteiul in any direction and be- 
tween any cells of the ridge, (dearly some force is at work 
which has a controlling influence in the transportation of tlie 
pigment. As a result of this^inlhience pigment granules enter 
the barbule only on the inner (future dorsal) side, while in the 
o^er colors considered they may find their way into the l)arbule 
cells from all directions (figs. 31 and 11). Figure 51 is from a . 
blue feather germ^ at a stage when the barbules arc just l)egin- 
ning to differentiate. Only a part of the hook barbules are 
shown. The pigment here is scattered somewhat promiscuously 
throughout the barbules, but the amount of it on the outer (fu- 
ture ventral) side of the nucleus is always small. Figure 52 
is a simto region at a later stage; the pigment has withdrawn 
entirely from the outer (future ventral) side of the barbule cells, 
but still occupies all of the inner side, In hguro 53 we have a 
similar region at a still later stage. Here the pigment has finally 
become clumped in the manner characteristic for blue. 

"This series of figures is typical for all cases of (lcv('loj)ing 
pigment is never spread throughout the bar- 
bule cells, as in the case of black, the extent of spreading in tlio 
early stages is considerably greater than in the comiiletod 
feather; there is in fact a ‘clumping process’ which goes on 
in the feather, changing the conditions of distribution from 
What would produce a black (viewed from the dorsal surface 
alone, but blue on the ventral surface of the feather) to a com- 
pleted blue. . , . . t u 

Certain preparations from blue feather germs which i have 
among my 'slides present a striking variation in development. 
At the very earliest appearance of the pigment, conditions 
are the same as those commonly seen, but as pigmentation pro- 
ceeds the granules assume an extraordinaiy size, ^ sometimes 
three or four times that of ordinary blue, higure o is rawn 
from a young region of a feather germ befofe ridge formation. 
It shows two centers of pigmentation in close proximity, m one 
of which the normal blue granule size is seen, while the un- 
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usually large granules are present in the other. Figure 55 is a 
pigment cell forming these granules shown in its position' in 
the ridge. Five feather germs showing these conditions have 
been studied. The point of interest is that they have in every 
case been taken from the blue rump of an otherwise black bird. 
In this connectioft it should be mentioned that the rump color 
of a bird is apparently controlled by a factor different from 
that which produces blue on other regions of the body (Cole T4). 

6. Silver 

a. General The condition known among pigeon fanciers as 
silver is a very pale smoky gray or pearl. The amount of pig- 
ment . present in these feathers is exceedingly small, in fact 
it is with difficulty that any pigment granules at all can be 
discovered in some specimens. Microscopic examination of 
these feathers shows them to possess the distribution of pig- 
ment essential to the production of blue, that is, in the silver 
portions of thfi feather whatever pigment is present is clumped 
in the middle of the barbule cells (figs. 57-58). As in blue, 
the curved barbules generally show this clumping in the middle 
of the barbule cells to , a less degree than do the hook barbules. 

b. Granule shape. A study of the granule shape in silvers is 
made exceedingly unsatisfactory by the extreme roughness of 
the barbule surface (fig. (31). This roughness has been noticed 
in other birds by. several writers and has been described vari- 
ously as due to striae, ridges, knobs, pits, blisters or ‘ghost 
granules,’ on the barbule surface. They are scattered with great 
geometric disorder over the surface, and unquestionably make 
the feather a poorer reflecting surface than it otherwise would 
be. These irregularities, though apparently most abundant 
on silvers, are also evident on blues and often even on duns. 
As mentioned above, they are so marked on silvers that the 
exact boundaries of the granules are obscured and a knowledge 
of their size rendered uncertain (lig. 62). A study of the de- 
veloping feathers, %owever, escapes this difficulty and furnishes 
evidence that in silver (fig. 59) the granule shape is similar 
to that of dun (fig. 35), but in size the granules are somewhat 
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smate and their incomplete 0 ])aeity in the mleroscopie iichl 
speaks for a lesser degree of densit\'. 

Silvers like blues commonly have wing bars and in the sami‘ 
position and made up in the saim* way. 'they are, however, 
dun in color instead of black ami tlie (Hnulitions mica'oseopieally 
are typical of dun feathers.* As coneerns the development, nt 
silver the process is the same as seen in blue and notliing I’lu ther 
need be added. 

7. Chemical s/ze/fos 


a. Methods. The obstacles encountered in a (hemieal study 
of animal pigments are of various and uumm-ous kinds and thi‘ 
chemical work done on the pigments of the feather in this in- 
vestigation was of a relatively superheial and general nature. 

In general the feathers were treated nui(4i after the mtm- 
ner Gortner (10 b) describes for slieep’s w(»)l. The weighed 
feathers are put into a beaker and a quantity of 2.5 p.‘i’ (rnt 
NaOH poured over them (20 cc. liquid for eacli gram of (eatln'rs). 
The feathers are then digested at boiling temperature till almost 
completely disintegrated -a period of about 25 nmmtes for 
black and 12 minutes for red feathers. The mass is then lirmvi, 
,on a porcelain filter lined with white silk clotli, and iiltiae.l 
by suction. Filtering is very slow and difficult on accounl 
of the gelatinous remains of the feather structures, parium- 
larly the shafts. The filtrate is now made slightly acid with 
HCl, which process throws down a very light. iioculent preci])i- 
tate. The precipitate is allowed to settle, -/‘'Pya an. 
washed several times by decantatu.n, boded ' 

alcohol for a few minutes, ^vhich removes consuUubl., 
keratin products, and is then dried in a 
No claim is made for even approMmati pin > 
identity of the material so isolated wnth the P*^-' 
in the feather structure. The 
some sueeestive data, which the wntei mix s " 


only in that light. 

b. Red figment. When red feathei 
cent NaOH solution are heated, almost. 


•s suspciviiHl in a 
at once the liquid 


2.5 per 

beconu's 
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colored. After a few minutes’ digestion the solution has taken 
on the chestnut brown cliaracteristic of the feathers and if the 
remaining feather mass be freed of all liquid by pressure it is 
seen to have lost most of its color. Thus the pigment goes 
easily and completely into solution, and after filtration the 
solution is a clear, transparent,, red-brown. The precipitate 
thrown down upon acidification contains practically all the 
pigment, but the supernatant fluid nevertheless retains a brown- 
ish tinge. The pignient from yellow feathers behaves in exactly 
the same way. 

c. Black pigment. Black feathers, in the first stages of diges- 
tion, impart no color whatever to the NaOH solution. • Not 
until the barbules have completely broken down and the pig- 
ment granules themselves have been liberated, does the diges- 
tion mixture become black in color. The black granules are 
extremely r^istant and even after long digestion microscopic 
examination of a drop of the mixture reveals many of the gran- 
ules- intact in their original size and shape. The filtrate, as it 
was obtained, contains considerable pigment yet in granular 
form, but also much in a dissolved condition. Acidification 
throws down practically all the pigment material and the super- 
natant liquid is practically clear. 

The red pigment dries slowly, remaining for some time as 
a pasty mass which becomes darker as it dries. When com- 
pletely dried and powdered it is a very dark brown, but dis- 
tinctly different from black pigment in the same condition. 
The black pigment dries without difficulty and without appar- 
ent change. 

d. Quantitative relatiom. An attempt was made to determine 
the quantitative relations between red and yellow, color, and 
between black and dun. The figures presented in table 1 do 
not. represent absolute amounts of pigment in the feathers. 
As the pigment was weighed it contained keratin degradation 
products and salts left in by incomplete washing. The feather 
masses were all treated by the same methods, however, and 
the figures do approximate the truth as regards the relative 
amounts of pigment existing in the different kinds of. feathers. 
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The data in table 1, crude as they any ^iv(^ us au itl('a of ilu‘ 
magnitude of the influence of the factor for intensity, and 
furnish a numerial expression for its value. Acting in the skiii 
^ ^ black bird it appears to increase the amount 

of pigment laid down by about three times over wliat it would 
have been if this factor were lacking. Sufficient material for a 
study of the quantitative relations of pigment iu blue anti 
silver feathers was not available at the time, and the^sti determi- 
nations were not made. 

Mueh time and labor were spent in the course of tliis wt)rk 
in an attempt to demonstrate, in the soft grtjwiiig regions of 
the feather tissue where pigmentation is actively going on, t,h(^ 
presence ‘of any oxydases or enzymes which might bo couc(n’n(Ml 
in the process. Young birds, fifteen to twenty days old, w(*re. 
killed, remeges and rectrices pulled out, the soft unpigmented 
portion cut off and placed in a mortar. This tissue was trit- 
urated with sand and extracts were made with distilled water, 
normal saline solution, chloroform water, and glycerine. Vary- 
ing quantities t)f these extracts were added to tubes contain- 
ing solutions of different amino acids, chiefly ty rosin, the re- 
action carefully controlled, H 2 O 2 added to certain of tiic tuh('5 
and the tubes incubated. 
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The presence of tyrosinase, an oxidase which is a true en- 
zyme, in the body wall Pf various forms, has been repeatedly 
demonstrated by several workers, particularly Gortner (TO and 
TI) for insects; and Durham ('04) has reported the occurrence 
of tyrosinase in the skins of fetal rabbits. 

In the writer's own work, as outlined above, many cases 
of pigmentation in niro were obtained. The colors produced, 
however, did not correspond with the colors of the birds from 
which the extract was taken and their behavior with solvents 
and reagents was entirely different from that of the pigments 
prepared from adult feathers. Despite the best efforts evidence 
of bacterial action was often detected, which action alone might 
account for the appearance of color; and moreover repeated 
attempts often failed to reproduce cases of pigmentation once 
secured. Plainly this phase of the work warrants no conclu- 
sions as to the biochemical nature of the process concerned in 
pigmentation. 

Summary of facts 

The following points have been brought out in the .preceding 
pages: 

1. There is a red-brown pigment substance which*produces the 
colors red and yellow in tumbler pigeons. 

2. In red birds this pigment always exists as spherical gran- 
ules, which ‘are in Typical red' about 0.3 ju in diameter, but in 
‘plum color’ they are 2.0 ix or more in diameter. 

3. In reds abundant pigmentation takes place in the inter- 
mediate cells of the epidermis, independently of specialized pig- 
ment cells. 

4. In yellows the pigment is so finely divided that its granule 
form can not be determined. 

5. There is a black pigment ‘substance which under different 
conditions produces the colors, black, dun, blue and silver. 

fi. In black birds this pigment may exist as spheres 0.5 ju in 
diameter, or as rods }.Q n long. Some blacks show entirely 
one category of granule form, and some entirely the other. In 
most blacks, however, both kinds are to be seen, although there 
is commonly a marked predominance of one or the other type. 
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7. In blacks the pigment cells are better developed than in 
reds and elaborate a greater proportion of the i)igmeiit 
^ 8 Pigment granules in dun birds are invariably 'spherical 
in form and about OJ m diametor. 

9. Dun color may be seen in binb which are not dun geneti- 
cally, but differences m granule form and distribution show 
that this IS not the character dun which behaves as a unit n, 
inheritance. 

"^P'Seons is produced by the black pigment clump,., I 
and distributed in such a way as to produce the blu,' elT,.,.t. 

11. Granules in blues are spherical, O.S ^ to 1.0 „ in diam,.|er 

12. The development of the pigment in blues is n,)t ,s„ pr.e 
miscuous and ‘disorderly’ as in blacks. It is aiiiwrently 
trolled by an influence lacking in blacks. 

13. After the pigment arrives in the harbules it mnli.rgoe.s a 
clumping process which giv'cs it its eharaeteristie ,listi’il)ution. 

14. The feathers from blue rumps on black hir,ls show gran- 
ules much larger in size than those in other blue fi'athers. 

15. Pigment in silver feathers is distributed in the manner 
characteristic for blue. 


16. In silvers the barbulc surface apix'ars gj-t'afly |)itl|.(l ami 
roughened. 

17. The red and the black pigments show pronounccMl dilTer- 
ences in their behavior towards reagents and solvents. 

^ 18. The intensity factor has about the sanie (jnaiit ilatlv<^ value 
in blacks and reds, and results in the fonnation, in intense birds, 
of about three times the amount of ]}iginniit present in th(‘ 
dilute birds. 


DISCUSSION 

i. The Meyidelian factors concerned 

It is interesting now to consider the bearing whicii the faets 
presented have on our interpretation of color inheritance in 
pigeons and on the pertinent questions of geiKdics g(m(Tally. 
Cole (T4) in his breeding work with pigeons, has postulated 
certain genetic factors which are concerned in the formation of 
the six self colors (excluding white) of tumbler pigeons r(‘eogiiiz(‘<l 
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by fanciers. The ultimate recessive of these six colors is that 
known as yellow. A reddish pigment is seen in birds of this 
constitution and to account for its existence we may conveniently 
assume a factor R for red pigment. This red factor is appar- 
ently a fundamental one and no birds have been found which 
do not carry it. Strictly speaking, this factor is not entitled 
to a name until it has been seen to drop out of the hereditary 
complex and has later been re-introduced in an unchanged 
condition. But it is desirable to have something to which 
we may refer when occasion demands, and remembering the 
possible compound nature of the factor^ — in fact, that R might 
stand for ^ residuum^ just as well as for red — utility will be served 
by using the term. 

There is a factor B for black pigment, dominant or epistatic 
to Rf which added to a yellow produces black pigment and, 
when not acted on by other modifying factors, results in a silver 
bird. Another factor — S for ‘spreading’ — added to a silver 
bird produces the condition kflown as dun. Moreover, these 
three conditions can be modified by the action of an^ntensifying 
factor /, which changes the above colors into red, blue, and 
black, respectively. Thus the six self colors and their genetic 
relationships are accounted for. 

2. Influence of the several factors 

a. Influence of factor B, When the factor B is introduced" 
into a red or a yellow bird changes are brought about in the 
processes that go on within the feather fundament, which re- 
sult in black pigment being laid down instead of red. The 
results of Bertrand (’08), von Furth and Schneider (’01) and 
, .many others, have shown that oxidazes, acting on certain amino 
acids as chromogens, are able to produce a whole series of color 
changes. Riddle (’09, p. 329) in discussing the factor hypothesis 
for color, assumes that ‘^in an animal that produces melanic 
color there exists all the machinery necessary to produce a series 
or scale of these coloi*s,” and that the different colors seen in 
animals represent simply degrees of stages in a single process. 



The bbck msimnif u, piseou leathei. hv VM-hu- „i i,. 
and Its resislanee to stains .am he .hneet.-.i an.l sin.lie.l ai a 
very early stage m d.n-el,.p,neut. I.otver ,l„«n in ih,. .eatla'r 
fundament, .11 the exceedinoly i:,iely ,li\-id<.,l >ia». ih,' 

pigment Hrst liecomes visible male,- ,a maunilieali,.,, ,.i l-iiu 
diameters, the Hue haze is .ai.ily se.ai 1,. he distin.-ilv hl;„-|, m 

color. The possibility eainml l„. ,]e„i,.,l ili,.|| ...i a „|i,-n 

the quantity of itigmenl was so small and its .snl,,livisi„n .0 Ime 
as to he altogether invisible, the pro.a'ss of pigment lonnalmn 
iiuglit already have iwss.hI through a red slagm llowe.er. 
in higher and more develoiie.l regions ,,1' (lie h.ailier wher,- thi- 
rate of piginentatioii is treinendously iner.'ased n.-w pigment 
ma.sses tire forming. The process here is so rapid ihm i-ven in 
their earliest stages pigm.nit masses are siiHieienlly ileme to be 
distinctly seen, mid there is no indiiailion of a re.l ting.’ in ih.'se 
masses at any sta^o. 

AimtluM' Caet which speaks for (iu' romplim- .Irvrl.tpihriiml 
iiulependeiKT of these two ])i^nieiils is tiu-ir In'li.-ivior jihv'^ii.- 
logically. As pointed out (pa^e 4(it)i •fre(‘‘ pi^neiit fniniitHon 
iimcli more nhimdaiit and ^^(Mievahzed iu ivds iliun in 
Oftentimes large, speriali/('d pigment cells are rare in the lunner. 
while practically all tlie eon us from thc>e cell^ in hOck 

featliers. This is a dift(‘reiK‘(' which miOit Ix^ ()\-rrloi)kcil in a 
hasty study, but examination of a luiiiibcr of ^\iiv- 

stantiates the conclusion witlj conipeHinii; t'oi'cr. There little 

ttround for t!\e assumption that mi'iely an a<*tivaiioii ot the 
l)igmeiit-forining mechanism to a furthc'v slajte shniild iliu> 
change the ])la(‘e of origin and manner of disu-ihiiiion of ihe 
pigment. When the fa(‘tor H is added to the eoiisliimion of a 
yellow bird (I^bi) there is also a slrikluy: morpholo^ieal ehan^i' 
in the pigment, the irregular, formless mass('< of yellow being 
substituted in the resulting duns oi‘ silvu's for s)>hi'rieal granule^ 
0.3 M in diameter. 

AN e can tints study tin* projan-lies of faiMor /i liy obsein ing ii" 
influence in several distinct and indi'iumdent ways on ihi‘ ))ig' 
mentation proce.sses of thi? feathtu'. Tlie r-hajigcs whif'li it ))ro 
duces in the color, the ^nechanics of formatioj) and di^lribut^on. 

Tlllr: JUi, ltN'Al, 111- KMT.HIMKNT.II. ZIk'h.i V , ’■nl. O. Mi. .1 
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the ])hysical forriij and the chemical properties of the feather 
pigment all speak for an individuality and a value for factor B 
coordinate with R, / or S. 

h. Factors concerned in the production of blue. The nature 
of the blue color, and the processes concerned in its production 
have already been discussed fp. 471 j. Though we are hardly 
justified in the statement that blues pass through a black stage, 
yet it is clear that black is a less differentiated condition of 
pigjnentation than is blue, and if translocation of pigment should 
be arrested in a blue feather at the proper stage the resulting 
color would be more nearly black than blue (p. 477, fig. 51). 
This stud>^ furnishes strong evidence that some controlling 
forc(i (we might call it a factor (\ for ‘ckmiping' is at work 
from the very beginning of i)igmentation, which carries develop- 
ment beyond this non-differentia ted point. Tt guides the ])ig- 
ment branches in their course, assembles the ])igment into 
clumps, regulates the size of granules, and results in a l)lue 
feather. The assumption of a positive factor C for clumping 
in blue birds lead us, however, into logical difficulties, for blue 
is recessive to black, in which clumping does not exist. The 
pigment in blacks in fact, is spread uniformly throughout the 
barbule and this property li.e,, the spread condition of the 
])igincnt) was chosen l)y hole (T4, p. 325) as a vehicle for a 
syml)ol repi’esenting a positi^T character present in the domi- 
nant blacks, and the factor S for ‘spreading’ is used by him. 
But although the factor S for spreading satisfactorily indicates 
the conditions in the adult feather, and although it makes good 
workable formulae and accurately expresses genetic relationships 
as rcA^ealed by exj>erimental breeding, yet it is not compatible 
with de\'cl()pmeiital processes as tliey are unmistakably re- 
\ealed hy a microscopic study. On the assumption of a spread- 
ing factor, Avhen a black d" iBIS) is mated to a blue 9 {Bis) 
there is introduced into the ‘blue’ egg an element S, the action 
of which in ontogeny is to disperse the clumps, spread the pig- 
ment uniformly throughout the barbule cells, reduce the size of 
the granules -in fact, to fjroduce a black bird. But plainly, 
black birds are not the result of such a series of changes. S 
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<In('s not dis[)erso the rhimps. I'dr are never allowtal lu 

assemble in its preseiiee: it is not N \vhi(‘h is ae(‘ouiital)K‘ hw 
tlie si)i’en(l condition of the pi^iiiu'iit in blacks, for thi^ eomiiiion 
exists, in certain stages of (ieva^lopineiit in birih wliieli lack S. 
,S, then, instead of being a factor which iiiitiat's hevelojnin'iital 
processes in outogeiiv is ratlu'r a faetiM' whiihi printails them li'oin 
taking place: under the inthuaice of this factor iln* pmccssis 
which wouhl take jdaee in tlu^ priniiiivi' hliu> arc st<»ppch at a 
state short of c‘()ini)letion, ia'., at a stage wlaai cnmlitioiis ol 
])igineutation ar(‘ sucli as to (ainsc a black bird. It seems wise 
to the writer to retain th(‘ symbol N in the genelie innmilat' 
for pigeons, but with this inodilieation, tlia,l we »‘oiisi(ier it 
a factor for 'stopping' ratlua- than for spreading. In the 
al)senee of the inhibiting iiilhu'nee of N i.e., ontogimy nms its 
primitive course and pro(iue('s a eluinped condition: a bine 
Idl'd. V\"ith this iimha'standiiig <if lln‘ factor S the logical rela- 


tion lietweeii the positi\'c and negati\a‘ characters are main- 
tained and yet a nice adjiistimait of hypothesis in laet 1> seeui'cd. 

^ It must be recalled i( ole '14, p. d'dlb that thi' (^xisleiiee of 
factor aS can be seen only in binU wliieli carry /d tor in birds 
lacking H (red oi“ yellow) no conditions o! coloration havt^ been 
found to 1)0 correlaled with tlu' pr('S('n(‘e or absiaiee ot N 
may nr mav not be present in birds lacking /d Iml Hh' alt.M-i.a- 
tive must he deckled by a bireding In other wmds. 


upfiears to act only on li and not upon /d _ 

e The wllucncc of Jnrlar /. 4'h<‘ iiiosl obviotis and without 

douln the essential infiumiee of factor / is to stimulate tlu- pig- 
mentation process so that the aiimunl ol pigment a.id .hnvn 
iu intense birds is about tliree times the amoiml lound in dilute 
hird< In this respect, / probably has a constant and miilonn 
effect, whether acting on a yellow, silver or dun bird 

But besides producing this (piantitat.ve chauge the l.u >i 
for intensity acts in another totally nnnOate.l way bv regu a - 
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pi^iiiciit (if y{*ll{)\v f(‘ath(‘rs aro suhstitutcd in reds by 

(■l(‘aM-(‘iit . optically ])(a‘foft, splieiical ti:ranulf‘>. d'll(*^(‘ two 
c(..ii<iitioiis arc b(‘aut ifully ihci't* is ii(‘\'(‘r l h(‘ faintest 

l('n(l(’iiry for spherical ^raiiul(‘s of r(‘(l to apptair in a bii'd lacking 
the / factor, and vice \'(‘rsa. In dim birds H aloiue witlinnt tla^ 
aid of /. insures th(‘ ('.vistcaua^ of th(‘ pit^iiicnt in splunical ^ranuh^s, 
aKain O.d fj. in diani(‘ter. In oth(‘r words, the st^eondary fimetinn 
of / as jiidtt;fMl l>y its action on yellows has alri‘ady biaai fulfilled 
by H. ! has a furtluu’ influenci^ in a dun l{BiS) liird, how- 
('V(!r, and tin* sizi^ of tlu^ splu'rical ^ranuk^s is inenaisiHl from 
0.!^) to ().”i also an (Mitirely laav form, rod-shapi'd ^ranuks 

may appt'ar. Of course oik^ could with e(|Ual justi(‘(‘ ar^ue 
that lh(‘S(' lalt(“r chaiit 2 ;('s ari' produi'i'd by B alom^ whim aetinti: 
on a r{‘d ' lihl j bird, and strictly spi^akin^ wi' should sa\ that / 
actinji: with B aloni' has a different (‘ffi^et than wlien acting with 
both It arid /. W hen / is added to sihiM* (BBis) tlie (l.d a 
sph(‘i’es are a^aiii iiu'reasi'd. in this case from O.S to 1.0 ju in 
diatnel(‘r: and inonaivia* I'ods, lontior and mori' slendi'r, appeal 
in e(‘rtain ri't^iotis. 

'I'AHLi: 

Shtiintiif fill rfiuHf/<s i n (fninitlc roinh f inn hi'niiijli! nhnnt fiij (In hirfm' li>r i n(t nyi I >/. 

I, irfirii adtfdl in lui'ih nj ihluti runsl i ( nl mn 

On. Ti: 


i;i( v\ri < oviii 

<.K.\ETIt' I ( i[(MI I.A ■. < i|.< iK 

Shrip' Si?.- 

/i'/c’*S (or I yellow uiuletiM'niinnbh' uinIctcnuitMMc 

fifils siher sIiIkwps i) y.ii 

RBiS iluii splinrcs ll.^u 
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suiniiianzes th,. rhaii-.x in ^niiiul,' cninlninn wh.'ii I 
i'' a(i(le(l i(> birds ot dilute {‘niistitmidii. 

TJiis method of studying llu^ propertu- of a by ob>erv- 

it> ('f'h'cts wluMi aetiu^ in rombination wiili othei' fanloi’s. is 
the best method a,vailabln in ^(MimNis, bu( it is a superficial one. 
As an analogy, lei us a^^sunie that W(‘ aiv to mak(‘ a sUnlv int<» 
tlie chemical properties of m ^iven substance and that the in- 
vestigation must be proMruted by ihe ust' of methods similar 
to tho>(‘ ab()V(\ A s(>ri{s oi beakers is obtaini'd ('ontainiim 
>ul>>tances and mixtures ot substanca's which liappt'ii to be at 
hand: the true cliemical naluri's of thesi' siibstaiic(\s and mix^ 
tur(‘s ar(‘ thenis(‘lv('s unknown. Tlu' siibstanci' under iiixasti^a- 
tioti is introduced into tlu' \arious b(ad<(a-s and th(‘ resultinj.^ 
chanties described on tlu' liasis oi color, ^;i'aiiular or floiaailent 
nature of the precipitate, the diapi' and >i/e of ci'vstals, v\v. 
f !earl_\ , with this mtorniatioii alone, wa* ;ir(' a Ion, it \\a\' Ironi 
miderstaiidinti; tlu^ iibsoluti' natiio' of the siibstaiua’ in (pHslion. 
i)ut we at l(‘ast amassed a (aa'lain amount o| defimlt* data, 
such as it is. coiuaa'ninjt it: we ha\(' (lone the bi'st wa‘ laan mulei' 
tlu' cii'cumst:iuc('s. It is lai'^i^ly to such f'liipirical ,aiid supm- 
hcial metliods that the modiM'ii e:eiietisi limited in bis a.ltack 

on th(‘ natmx' and pi'opia'lies of factors. 

•). (iraiiuh sliiijx m hhii'Ls 

laxcludin^ blacks, the wide and iinainstani differ<‘nc<'s in 
^'J'anuh' form al)o\‘e diseussial are a-^’^ocialeil witli tli(“ presence 
or dropping out of what is ollnawisi' a sin^;lf‘ unit facha, / 
intensity. ), T]iv (a‘i.se of the ^I’aiiuh' form in blacks musi be 
develo])('d furtlnaa tdilike otlua* jtroiips, the tfraiiuh* form in 
th(‘se birds beans appaiaaitly no simple (anstaiil la'lation to iheii- 
eoloi‘, black, d’o be suna blacks of whaUwer sui t a,ia' cha,ra.cter- 
ized by certain IVat tin's whii'li distinguish th('ii) from duns or 
])hies. but within tht'. coloi’ there a-re distinct l\’[)es, a,nd the 
distribution of these typt's is appai'i'iitlv wuthoul la'^ard to ^(milie 
constitution, a.s if has yt'l been workt'd out, licit lu'r docs il bear 
any relation to ap;(t or sex. "I'liat the ti;ranul(i shapi* may be Ina-e 
controlled by a s(*pa.rat(' fatdor w hit'll has this sp(‘eifi(‘ eHect , 
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would be tho oasiost f‘Xplanation. Hut it must lx* assum(‘(l 
furthor than tho factor is powcrl(‘ss to exert an>' influence unless 
actinti; in a l>ird (jf black constitution, for as mentioned al)ov<‘. 
all lli(‘ r)tlu‘r colors are iiivarialdy cliai’acterized by their own 
peculiar conditions of ^I'anule fonn. dliis, of course, makes 
possibh* numerous ^emotypes r)f other colors, which carry the 
factor for tt’ranule shap(‘ as a cry|>toni(‘re. A re>earch to test 
this hypotlusis is now in ])rotJ:ress. 

. j . . 1 e a / //.s is of rho ro c tc rs 

4'iiis stu<ly of ji;ramil(‘ slmp(‘ amounts, in (‘Ifect. to a partial 
and ])reliminary analysis of (‘(M'tain unit (‘haract(U’s rd ])i^eons. 
\\ (* ar(‘ MOW al)k‘ t(P sjx'ak of llu'in in tf^rnis ol tluMi' anatomical 
and morpiioloti;ical natiuxa I’titluM’ than on tlu‘ basis of ^emaal 
optical eflect. Wo ha\(‘ b^aai wont to d('scri])(' tlu^se (‘olor (‘bar- 
act(‘rs l)y a siii^h^ t(‘rin, and 1 kiv(‘ laaui assuming tlami to Ix^ as 
sim{)h‘ as our d('s(‘ri|)tion. How(‘V(U', tlu' facts brought out by 
this study are hit^hly su^^('stive that underneath what we can 
s(>(‘ macn)S(‘oj)ically and what we name, a. whoh* series of {*han^(“s 
is bein<>; (uiacted: thei-(' is an elaborate interaction of faetpu-s 
mouldiiij*; 11 k' size a,nd form of the pigment granules, creating, 
in efiect. m‘w charaiders as distincth' different from eacli otlier 
as blu(' {‘olor is from black, as seen l)y the naked eye. It is 
iinpr<ibal)l{‘ that thes(‘ \arious conditions of granule form art' 
in any way optically coiuauned in producing tlu' colors with 
which tluy are associated. Tlu' bas(‘ of a l)lue feather (’P)ntains 
loitg slender rods of pigment l)ul is just as good dun as the 
feathers of a self-colored dun bii-d: and a lightly pignu'iited 
side-of-l)ody contour feath(U‘ mxar tlu' axilhi. from a l)lack bird, 
ea!\ not be distinguished In’ color aloiu' from a true dun. though 
the si)herieal granules ar(' oiu'-tliird larger and the ])iginent 
may even exist (aitii'ely as I'ods (]). 470). Tdkewise ))lacks 
(p. 4(iS) identical in appearance in e\'ery way may coiitain gran- 
ules of entirely different categories. 

(t is natural that geneticists should first ha\e hoon entirely 
occu])ied with tin' ol)vious charactei’s. ^^'llen we limit ourselves 
to such characters, howevei’. we ar(' working tin' surfa(‘(' of the 
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field only: failure to .^ee it with tlu- naki'd eye i. iio assuraiiee 
that a inicroseopic ineeliaiiisMi is not at work, and it is easily 
po.ssible that previously hafliini; ratios may lie (>xplaiiied liy tiie 
revelations of a more minute anulvsis. 

a. ( ouclndituj suifif/tdrij 

A "Summarv of iaets eontainiii^' a hrit^f statiamml of the 
experimental timlinns has already Inrj) ^dvcai ip. d'lio 

f(>Ilo^^ iiig summaiN i> (‘(Muaa'iuHl with tin* ' 1 h'^eiis'^ion ' (pp 
4S3Hi9l) only. 

1. 1 h(^ six limdanKMital sell (‘oloi's ot tumblm' pi^iMuis lia\'t“ 
been aceomited for by tlu‘ iiiti'raetiou of four ^em'lie fai'tors: 
R, red; B, black : /, intiaisity; sprc-idin^. 

2. I'A ideiKU' as to tlu' nature ol tlu' iaidor /> has been seiaireii 

fnm) its elfefd on tli(‘ blather piunieiit witli n“sp<'el to on color, 
(i>} mannei ot lormation and disti'ibnt ion, (ci physical lorm, 
and id) chemical i)rop(a‘1 ii's. Ail of sc'ciii to indicati' a 

(liller(‘nt metdianism iroin that whii'li prodiaa's red pi^imml, 
rather tlian simply a latiu' sta^i' of tlu' sanu' pioccss. 

3. If uninfluenced by otluM’ factors, tlu* final result of tlx* 
pig-mentation ])roeess in a bird carrying />. is (he clumping of 
the pigment into tlu^ middh' of the' barbiik' rv\\>. Tli(‘ factor 
S when presemt stops this idiiinping pi-occss and results in a 
'spj-ead' condition of tlii' pigment. N may propialy hr consid- 
ered as an iiildbiti\’(‘ or ‘stopping factor.' 

4. As n'gards llu' iiH-remcnt of jiignuait substance factor / 
probably has a constant (Afiad wlicn a<‘tiiig on dilute binis of 
different constitutions, iianudy. to iiicri'asi* by about three 
times tlie amount of [)igin('nl ]U'o(lu(-ed. As regards its inliuonce 
on granule shape, on tiie other hand, it reacts in a ditlerc'iil maii- 
n(*r with each combination of factors, 

5. 4'he facts coiKau'iiing tlie gi'anui{‘ ^hape in Idacks suggest 
the pos.sible existence of a factor not y(>t dcti'indncd which is 
specifically eoucenuMl with granidc sliap(a 

I). Clenetie researcli which i- (M)ntin(‘<l only to ob\ ions char- 
acters is often suporficiah and in 'Uch cases microscopic re- 
search is necessary to distinguish the indeixuidently hf‘ritable 
characters iiu'oh'cd. 
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( Vrtai)! in a piipnr by Sp(')tt(*l \vl)i(*li has just (‘(uiiu 

hcfon* ili(‘ wi'itcr. (l(‘s(“i‘\’(* (a)inin(MLt. In an analysis of ’'Kulsnn- 
taiil)f'i! blau” Spottf'l ({('sc'i‘ib(‘> th(' lai‘K(^ black spluM'ic'al t»:ranuies 
f)l the (lisiol. and th(‘ sniallta' <)i' evcai I'od >hap(Ml ^Tanulos of tlie 
proximal pai1> oC th(‘ f{'ath(‘r. 

A" to the r(‘lation> between t!i(*s(^ two kinds of granules liow- 
(*\ei’ Split !(*!'> deseript ions do not coincidi' with thos(‘ of th(' 
])re'>(‘nt waiter. Spiitli'l speaks of a “ \ (M'sidumdlzuntt; of sev- 
eral -[)herieal ^I'aniik’s whieh thus ^iv(^ lasi- to lon^' o\'al, or rod- 
-hap(‘d <*;i‘anul('s, and pi(‘tur(‘s (Mp a seri(‘s of ])i^’niont masses 
winch r{‘pres{‘nl various sta^(‘s in this fusion. A study of the 
d(W(‘lopin”; structuri's furnish(“s unmistakabk' (wddtMice that tlu^ 
form of th(' ^ranuhv i> d('t(‘rmin('d very (airly in tladr existence, 
at a pi'i'iod in fact, lon^ bi'fore th(‘v hiixo attaiiKai anythinti; like 
th(‘ir ultimat(‘ siz(a ddi(“ ni(a‘(' circunistanci' of what position 
I lie ‘i;ranul(‘s (wentually come to maaipy would siaan unalile to 
cluinjie their fundaiiUMital nature It can not be denit'd that 
b(‘for(' cornificat ion. while tlu' tfr^tiuih's art' y{'t in a ])last:c con- 
dition, if they ar(‘ subji'ct to crowding, their oii^inal spluTical 
naturi' will b(' masked as is shown liy S])(')ttel (fig. (Mb. Ft 
i> to be nott'd that (lu's(“ gi'anuh's do not fus(' together in a 
liomogeiK'ous mass. how(‘\('r, and it is far less likely that liiu'ai'ly 
arrangc'd spheres would iiu'lt togi'tlu'i' to form true rods. Pic- 
tui'i's such as shown in figure Ahc. and d would b(' ])i'odu(*ed, of 
(‘oui’s(‘, if tlu' c(‘n((‘i’ gi'anule Avas disjilact'd fi'om thi' linear 
arrangi'inent but remaim'd in tlu' plane of liie ol)ser\ er. allowing 
the (‘lid granules slightly to ap])roximate oiu' another. 

Spilt t(‘l apparently has not restricted himself to feathers from 
birds of th(' W ild Rock pig(‘on color. He speaks ipp. 4lo 
tl7j of rusty brown, I'laldi.sh gre>’, fi'athers on the breast and 
the head regions of his birds. In these feathers, espeidally at 
the tips, he finds pigment gratudes varying from clioeolate color 
to golden \ ellow. (.Iranules of this color always have a spherical 
form, ddu'y become less numerous toAvards the ])roximal regions, 
being ivplaced by small dark or black granules, frectuently rod 
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like ill form. 'Fhose ari' o<s('uii:illy tlir (MMuliiitnis whirli oluain 
in tlu' jiivonal ])lum:i^t^ of litark liii'tU. As far as tlu' writt'r 
can discern, S])(')ttcl docs lan -jnaafv ilic luncdlii^ of ihc birds 
from which he obtained tlic niaui'ial. l)ni ^ncli coiidilioiis as In* 
dt^scriiies. and j)ic(ui’es in llio plate have ne\tM' laaai obsca-xed 
in tlu* blues <if the rock piiieon type whieli liaxa' been raid'd in 
oui’ colonic'. 


Srorn i.. 'A At.Ti.i; ll'l I Irlu'i ,!ir l^tiFru .id- \ >ij:rlirAci!i. il, 1 > 1 '' 

‘l(‘r ( 'r>luMib;i livia uIht .lie jiirctiaiiisi'hoi 

ni:aivorii:Uoiiss(‘ (lot- Vnircl intri'. J.iliili, Ale<‘ihm^ fiirDiili'- 

a(“Tii*‘ <l(M' riiii'i'c, Ui!.;ls, Hd't |)|i :C)7 lAi. 7<i h’\t l lal.'J'J. 
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on t!h' M t‘iiil(‘li:iu ii(‘S!-!‘ip! ion 111 ' lictTilii \ . Hiol. [Oil).. \ol li». no i., 
p|». ill t'l 'A 

liliniW AV, II. I'.O'J ('itlo! st;nnl;iid- iiini . olo.r uoiiiinicl.il iirr. W .oliin^I ois. 
i\ -r 11 PP-. '>‘1 I'l'Ioivd p|;n<‘>. 

Fk.W/- loll Alnlnrlialiltii'- idorlu'ini'-rlii' 1 1 :i 1 n 1 Ir \ ikoli. Ini. o, j>]t, 

'2\\A :} 77 . 

.■^■ntoxu, H. iNI. 100‘J 'I’Ilc' iU'\ i‘lo[iinrni oi A olor in i In 'k linii i\ !■ ifai Iht. Hull. 

Mus. ('omii. Zoo!., llatn.nd Cdl . ^nl IP, no. :k pjo 117 IM., plv ! 

lOllM colors of I'cnllicrs frt>ni llio M(ln> tit the in-ck ol ilic 

dniiu'stic j)i^('oll. .Mai'k \nni\rr':ir\ \o!,. An. Ok pie -tkl Jr,, pi. 7", 

W IN K i.i:i!. k'ninn lOlil Stmlicn uclior l’i;:,ii'ciii liil'lnin: \r' li i l.ntv\n k. iN i 

()rn;m.. Hd. 79. 11 eft. d. jip. 11(1 ildl, Tnf 77 7:> 



AliliKKVrATION.' 


It.jjL. lntijr;il phur.' 

‘n^d.ri., laerlullury c^'lLs 
r.. inirlear region of lfarl>!il<‘ coll 
iY;^ioii oloriiiis 

iiiMss 

juj.i'l., f)i<riiuMit cell 
pLc.. point at wliieh i>;irl)iil<: ('iir\o> 
rf f'.in., r(H‘iir\ t‘(l nifir^nn 
fe ithor sheath 
:<L, shaft, 

l.f.y terminal lihr-r 
r.. t'aiie 

i'.r.. \r'ntt‘:il ri(l}4<' t)f barb 


IM.ATh: 1 

!;\ i’oana'I’iijn oj- Ki(;rKi:s 

1 ( ’n»ss-si‘('i inn of icW featlira' sfH)\\i]i^' '2 barbs with barbiiles; shows well 
how hai'iitiih'S int(.'i’loek with elcfis in chi'mmI barbnles; ])itiiiK*ntat.ir)n uencral in 
all part.s: isliftlitly dia^iiammatic I. >' lOtl. 

2 ( 'rnss-st'ct ion of a rur\ (‘<l !>:irbiih“. showiiiji: /xrooveh naliiro of })arbnle, 
n‘ciir\ e(l mari^ln and chdt: pi>;tnr'iiTe<l ( lir(>ii”:li(»iit, with s])lH‘rieal i^raniilcs. 
/ !!()(). 

a Hook barbiih; from real bird 1 1 H : j)i}inient('rl moj-e lK‘a\ ily I lian euinaal 
harbiilo from saitK' l)ird. Note the narrow pi<i:ment-frce areas at cell l>oiind- 
aries, •' ‘JNd. 

1 ( 'lUAcd barbnles from Il f f T; mon; livihtly piitmmitod; (“oin]>are with fi^iiin 
M. < JXd, 

a ( 'ross-s<‘ct.hm from barb from weakly pijrnn'nted n’d binl fOd /^t; ventral 
riihj.e is partly broken off. >1 dS(). 

li !’or(.ioa of cur\(Ml barbule from lijiht ta'd bird iShf /> i showinji; thinly seal- 
ten'd splierical granules. LbOO. 

7 bortioii of pijiment ma.^s from dai k red fi'atluMts :.'i : jrranulos same size 

and arran<i:ement as iti lifrht re<l, but more chwelv massed. X IfJOO. 

s (d-oss-section of rcil foalln'r fnndaiiKnit brd'ore rid«i;e formation^ sliowin^ 
first (.races of foriiiinji pi^tneiit scattered ])roiiiiscnously throue-hoiit intermediate 
cell retiiion. X dSO. 

h l)i:i;;rain showini; from wliat ])art of the fiaatlier utiarked .r't figure S was 
drawn. 

Ul Drawiiiji from down region of a feather fundament just after ridfto formation 
and before arranttement of lateral plates, showiuji- <i;enpra!ized ]d}tmentation 
I intermediate cell rouion ', Parts of thnn' ridges tire shown. X 1^0. 


(I.. ;ipc\ of b;ifb 

V, b.'irb 

b;i.';i.l iiu'iobrane 
r.lihlf .. ciir\ cd barbule 
r.h.. cell boUrid uA' 
c,y.c/,. .wlindor cell taver 
fl., ilou II 

epidermal region 
hfjoks (U* hacmules 
/o/d;/,., hook barbiih- 
ttif fl., intcrmi'd i.it(^ cidls 
w/.v.c/,, irmor sfieatli cells 
l.-itr-ra! sh<;et 
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FKATirKU F1GME.NT:S OF 
oHi'i v r r nvT'-'!iN. > 




nned.;;l. 



' r-ned.(J “ 
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I’i.A'i'i': j 

rx n^ANATION' OK KKiKHKs 

11 1,t) 1') 'I'lirsi; fi^in'(‘S ;i!'(‘ fnini ;i siii;!;l(‘ feather ihi similar j’eji,ioii.s but a1 siic- 
<'c.s>i\«' h'Acls ainl show th(‘ seNci'al steps in foatlier (lifTeiaailaat ion. 

11 iJi<l;^es are formed and the lateral plair's well dtdined, two pijimenl <‘(dls 
are |)n-S(;Ul. X l-iO. 

IJ 'I'lie (-(“Its of lh(^ lateral piat(“s }ia\c (^lon^atcal atid are (U'velopinii; into 
barbiih^s. Sp(“cia!ized pi^iinent, cells are not aetivm X 130. 

13 Ihirlmles Wf“!l de\’el(j])ed: barb b(M-omin<i; defined. 'I'he i)ii;m(“nt:U ion 
j)roeess is not (-(mcerned wit h pn^iiK'Hl ef'lls. X 33(1, 

13 Ibtrb and b;M‘bid<“s w(-ll defitu'd. X 33{). 

In Withdrawal of barb, sliowiii^ some 'residual' }>i“:iii(mt remaininii in the 
epidermal tissue not built itd.o the featin'r. 33ie cornifiiMl ])ortion is liere break- 
ing: awa>’ from the central siipportinji; st ructurf', X 330, 

lb Shiiiie ridjre from cross-siM-tion of a feat lnn' finidament, showinji cojnous 
pitiiiK'titation of fixithered parts without tlii' aid of a pigment eel!. X 330. 
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I’LATi; ;; 


i:\ ri< t.\ (>[' i- if.i );i.> 

17 ( 'n(S>-v('rl idii III Icn l) iiikI icti'hiilcs frum yellow i'crttlirr Tt'i i> . 

IS Pori iotl uT CIIIW III hiil'lillle i'l'ntii ;i Vcllow tV;illi(r 1'.)// ^)l n\\ i nt>' 1 lie Ti;i t Ufi* 
of iMiissfs. thf l:icL of' sceiiic m ;i ( ioti alul sjmt'se piLlliirlil at ion. .■ IMI. 

l<t i'ortidti of hookial liarlnilc from a vcllrAv ftaallirr l!i I) . show iim }n'a\ ii-r 
jMetiimit a1 i(H! Iml a!<o lark of see inmii at ion. Tlir Imoks liamnulrs in vi-l]o\\- 
arr. [)i^tii('iLt -free. ■■ ISO. 

110 Pratlici- riffle from mi'tiifliaf jmrtioii of fumlannail from yellow hin] .1 
allow ing I lie iia1iii-(‘ of [liement iiiasst s, also I l;e la'lliilar nature of the liarli eor- 
le\ jusi liefori* (amiplete (airnifiiait ion, 'llie lip:li atlitn«le o)' the harli slmwi: 
liere is r lia rai'teri^t ir of flielil, fiaOliers. /' N). 

LM I'ea flier riili^e from yellow feat her film la n lent . .\ Miiall ami comparal i\ eh' 

imirfiM' pi;i;metil cell eliararlei'i.sl ie for yellow is shown here, l.atei'al ))lates 
are well fonmal, hnt the liarlis are witlmut delinilion. ■' Jsn. 

'22 ( 'ross-sect ion of mitwcd hai'lmle from phini-roloreil feailier /> show - 

iiip; tlu' inordinately lar^e spherical ei'annles typji al of iliis eo|oi'. lliii). 

■Jd l‘orti<iii ot liarliiile from phim-eolored fealhei' laid Hat, -howin'’ ai't'anLie- 
iiieiil: of hifee spherical ,m'anides. i- 10011, 

ll M 'russ-serf ioii ot liarh or ]»lum-r'n|<ii-ed heather >'01 li . ^how ini:' matn' 
yramih'S williiii the medullary cells. •' ’JM), 


m 







IM.ATK 4 

),\ IM. OF loot }{i;s 

-'.'i I’dt'iidi] n)‘ li;i rlMili' jVoiii l)l:ick lur<l uiUi n)il-!-h:i [ m-'I ■ kJi'. 

■Jti Arc, 'I in •'.•iim- h:ii-iiijlc iiiidci- liiuficr iiinuHi lic;i t ioTi 'liii'. J 'j ■ .vIcAviiiLi itn- 
\w li f|c(iiif<l rod </i-:mulc>. / IHOO, 

27 rorlitdi Ilf li;irliul(' from l)!;tck bird dlM? /;’ willi tin- ' ] clic.i due 

1 ( I s[ilici-c-. / tMO. 

At<‘;i in .-;iiiir I ci it i u Ic . liicldy iii:i uni f iod (lU- 27 sliou iliu >|>lici'if-;i! 

Ifilll). 

■j!) A n-uidti iVniti l'(‘:tl[H‘r t'n ii;l:iiiicii 1 licl'nic I'ldic ful'li.'il ii li. slitiW ;]!>: lljr 

(li>( :i rniicc nl' lihu'k | )i unic n tkll, 

;>() Aren iiijirkcd .r in tiuiirc ‘Jd under Inul'cr tnriuin lien t i<ni, Fliouiiii: .■i|nu ;ir- 
.'incful piutncnl in ' free piunicnl ;i ( mn,' / ll)(!n, 

;n Hiilu(‘ t'ron) hinck i’c;il.li(‘r I iiitditincnl tVdin liii'd 1117 /' j.injfly i!\ci[ 
>li(>\vinu <'n[n(in> [iiumcnl nl lun nnd [irdiiiiscnMii^ tlircn-tlmi <il tn'.inidics ofiui:- 
nicnl (ndls. / IMd. 

dd \ nniiu iMcniciil cell t’l’nin Ithick Idl’d idrtniiiu [ H'cdi n n i lin ti 1 1 \’ sii!ii'r('>. 
■■ ItiOO. 

dd Piumciil ccli ndjniniriu liu'i!''’ ■''2 in sniiK* riduc Inil tni’ininu pi’m Iniiii nn iii 1 \ 
rnd> it;(i(i. 

dl Portiun of' hni’lnilc from dun l'c;i! her 'd7»n l> simwinu s]>nrsc piuiuetn niiuii 
and \ (*ry liule seunienlnl inn. / tdd. 

do Arcni in satne harlnile ' liu- d I iiinhu' higher innunificnt inn ^llu\\ inu eni ii'ci\' 
i^plierieal uF’iniiies. HilH!, 

dl'i h{idu<‘ Iroiii dun t'eal Inu’ t'undanieiit , -liowinii welt i!c\e]iiped picnaui! 
cells. Null' ihe pnlit ot piununil lirain'li on oiM'-idt' ol’ rle\elopinii row ul tiul'- 
hull's. :■ idii. 
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PLATK .) 

!:\lM.A\,\’no.\ OF KIM IfKv 

■u • ro.'>-sor I iol! (li ;i l)lii(- Pai'lf afui Ijai'ljiilf's Ajird .1 showinfr C'hnrac- 
l..ci‘i>tjc <lis1ritjiilio»i ])i^iii(ait. / Wl. 

dS ( ross-.scrt ioTis (li a c ui'\ (“(l ' A ; and a liitokiaj i li . Iiai‘}jiil(‘. sliowin^ char- 
aclcrisiic pijiiiuait yraiiidns and niaiiiinr of cluiiipin^. X 110(1, 

■>0 .\|)('.\ rjt haf I ti'oiti f(‘atli('i' ! lOJS .1 i. d'liis i'(‘pn‘scnt.< all the pi^ini-nr 
Mi the hail). X 1 100. 

K) I’orlioM ol haiiiidn ftaim Idnc tcatlua' ciOd .1 > sho\vlllf^ the <‘haract(TisT ic 
(diiinj)in(i of tin' pigment. X' IdO, 

11 and IJ Portion of pi^iiiicTil ttias.'<(‘S Iroin liailmh* showai in fij^tire 40, inciro 
Id^hly itiat:iiili('rl. / KKH). 

I’ortion of hat'liido from the l>as(‘ of a bhin feather i 100.1 B). The ha."!' 
is diitt in color. Ko(l-slia[H'd ^raimh's are pr('S('nf. Tin; pigment differs in this 
respect, from that in dun liirds. X TIO. 

II ( 'ross-smOion of Imi'h and harhules from dun l)ase of bine feather (03 B . 
1 lie portion ol leather i'epr('.''en t (‘d Ix'ia' and in figure 43 a]i]) 0 ars dun oiil\’ 
ulum \ i(‘\v('d oil ([orsal or outer a.speel . due to tin* spreadinji of 1 lie chimps in that 
direetion only. \ i(-\ved on tli(' inner .surface tln'y would he hluc. X l^d. 

!.■> Section of l)arh and harhule.s from flight feather of black hlr<l. d'he por- 
tion of till' bar!) below t in' harbuhes is pi;i:m<oi( -rr('c. fiiN iiiir io ihc feather view f‘d 
from this siih' a hluish cast. X IhU. 
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ri.ATi'; (; 

i.\ i‘i, w \ rit>\ OK 

Hi L( I U I h>i‘ ('u \ ci'I 1 foil 1 hi lie hi I t 1 . Only 1 lie 1 1 1 ^l :il 1 li M'l 1 ( H 1 lie I iKil lit'i' is 

hide, U'liK'li !;nlrr lo liilli iti I lie ])l'o\it[K(l |M)l'1H)n. 

17 Sfcniiii.-iiv tiotii l)lnc liiff! Ilhick spot is oti l“.\pl)^(‘(l portion ot' 

IVmI licr. \ rovK ot .-ili'l! spots ni;ikc up tli(“ hhicL hur. :i I'cutiiro of the }>luc p:it- 

tri'M. Shows l.lii' <lo\S'Jiy I issur- loinitl at !>;)><• ot stlcli feat licl's. 

ts I’ortioti of rid^U' of fcjitlKU' <icitii ft'otii IjIiiu hiid ■ l(l 2 .s 1 i-iit tliu 

(luii 11 ‘^ion, No sphcfical ^raiuilus at<' picsiuil : 4 h. fdH. 

H.l llulyu troiii hlllc haillifl ill I'ujiioli ml ct'lrifiliatr ht*t\vu(‘li hlllu atid dini. 
.'tiowiMii laidx ol s]K'riiiiu1 y ot tin- 1 l^siU‘ all >liai)(‘s and si/i's of iirannii's an' 

prosmt siiiiiili atio(pusl\ in ridiic. s' Mi(). 

do cotit i^itoiis [)i^iii(‘lil rrlls iii a Iratlici- I iindatnrnt . Iroiii ri'trioii 

tirai- iiji;nr(“ lit. ■ dlO. 

7)1 t-o dd S<a lions from lilur foailior fumlanimits showing jifoiirussi vc st.ao,.s 
Iti ltd' cluiupiii}'' of ific piiiiMcnt. 

d! 'I'ln- harhuic (adls Iia\u huyim to tdonuaio; ilir pi^niciii is spruad protiiis- 
< uotisly t hnuijitioiit the culls. 1100. 

d’J .\ lali’i" slatio. Thu pi,i!;!nutit ha.' w it lidraw n uiit truly from oiiu u<l<j;u of I liu 
harlMilu and has lu'^iim to wit fidraw lioiti the oiitiu' ud^u. IKtO. 

Still latur stajiu. Thu (dumping: process is well ailxaiicud and t.h<' pig- 
ment is Mia>su<! til ( he cuiil ur of 1 he harhuic uul Is. \ 1 lOO. 

d! .\djauunt ptuinuni forniinu. aru.as in a Iduu rump feather 'Hid iniur- 

nie<liate <'ell ru}j;ion. hufore ridiic formation. Itenulaiion of crauule size not. 
;d)S<dutu. -0 1100. 

.■'t .-^howinti laru:e size ^I'iinulu' in him' rump hiid llld/'' . '■'i 1100. 
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Pl.ATi; 7 

i.x i’i,A,\ or rit;i {n-,s 


,7(i hlitf nttiiji jjiiinn'iil co!! > 1 ! lo F • . / 

.77 A riil^c :i siKcr fuinitimctil. . 

riltiH idii <»f |>i^tii(‘iii i!i t!i(- silvci' licr, >( 

.“iN .\ liook l>;irl)iilc from ilic srct.ion .^hou’u in fimiiX' 
Mii'til- is chiiiipci! ;is III !)7(). 

.')‘i A ('<‘11 t t'oni :i si 1 vcr fi-at lic'i' fiin<l;iiiu'u1 . 

saitic ;is in dun. X lOiiO. 

()<) l)<'V(‘)o]H?i}i; I'idm' frotn a sil\(‘f ill7.'> .1 ■. X 470. 
id I’orl ion of tiartnilc from sil\<‘r fi'athrr '1077 /X. 
faint, hut fduni])('d. I{ail)lilc surface iniicll roiltihcni'd 
(ij A pijiiiK'iif mass and udjaceiil harluile 1 issue fro 
liiulnu' inajrnification, • KlfMi. 


f> . sliowiu}i: The ^<'Ueial 
.77. enlar;(<'d. Tlie pi:r- 
d'lii' ,uranuln sliajn- is \ he 

Pigment ina.sse.s ai'e ^crv 
.and i)ittnd, X 4:>0. 
ni aho\e f)ai4uih'. under 
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CONVERTIBLE BALOPTICON 

FOR ALL KNOWN FORMS OF OPTICAI. FROJKC’I'ION 

ILise instrument projcils Opaque areas S inches square (Milid i)])jn is of nil 
kinds) and hintern slides. Okie, is ot' v, idcK- \ ;ir\ inL' si/(“ ami •'it.tpc nia\ hr prcm-ciod 
^\'ilh()Ut uj)ciiing the dark chundicr doors or rcio. ii-itm. 

rjislrunieiit as illustrutcd projects in addition: 

'Fransparencics held horizontally - .X iav [)[au-, 1 l ain n ii aiN t t< . 
(])roJccted area,, tS inches in diarnelei j, 

Microscopic objects with niicro.-cojw in vertical ptoiiion hT ii(jiiid>, and 
in horizontal position fo' solid >j)t.'cinu-n-. 


Apparatus may be added lo:- projectin 
(larizcd !i"Iit, etc. 


aiecj Mini and c* 


All attachments may be added separatedy after tlie jnstniment is 
purchased, and the interchange from one form of projection to another 


IS instantaneous. 


IVrili' j'or f rnbi 


gausch ^ Ipmb OP^'cal (P- 

"’w' Dorj^oCHESTEKv. 





;ncrease in price of journals 

In (irdftr to (*\t(*ii(l iLiid iiiipi’ijvc tlie joiinials puljlislied by Tiu' 
W'istiir Iiistitiitf', a r'iimiic(‘ rominitteo, consistijig of (‘ditors 
n^pH'sejiting (Kick joiiriKiI, wjis up])oi]il(Hl oo J)eceiul)or 30i]i. 

to f‘oiisid(‘r tlie iindliods of accomplishing this olpoct. 
1 ']h‘ siuidcn outbi-(‘ak of I'iuropctin misfortunes interfered seriously 
with the plans of this coininittec*. It was finally decidi'd, at a 
nHN'Iing lield Decenibiw 28th, 1914, in St. J.ouis, iMo., that for 
(lu^ present a,u incr(‘as(‘ in tlie ])rice of these periodicals Avould not 
be, unfavorably I'lateived, and that this increase Avould meet the 
iie(‘ds of th(‘ journals until some moi'e favorable ])rovision could 
be madiv 

TJiis increase brings tJie ])ric(‘ of these journals up to an amount 
iiior(‘ n(‘arly e(pial to the cost of similar Idu'opean J)ublication^ 
and is in no sense an excessive charge. 

"riu'. journals affected are as follows: 

THE AMKRICAX JOURNAL OF ANATOMY, beginning witli 
\()\. 18, price per volume, 87.00; foreign, 88,00. 

Tin^i AXATOiMIUAL RECORD, ])eginiiing with 9, jwice 
per volume, $5.00; foreign, 85.50. 

THE JOURNAL OF COMPARATIVTl NEUROLOGY, begim 
ning with \h)h 25, jirice ])er volume, 87.50; foreign, $8,00. 

THE M ISTAR INSTITUTE OF ANATOMY AND BIOLOG Y 


30th Strp^et and Woodland Avenue 
Philadelphia, Pa, 



BAUSCH & LOMB MICROSCOPES 

IN PHILADELPHIA 


THE 

THOMAS W. EVANS 

MUSEUM AND DENTAL INSTITUTE SCHOOL OF DENTISTRY 

OF THE 

UNIVERSITY OF PENNSYLVANIA 

FORMALLY OPENED FEBRUARY 22, 1915, HAS PURCHASED OF US 

104 Bausch & Lomb BBH6 Microscopes, with Lever Fine A<ljustinerit 
For the Labor ATO ia' ok Histology 

104 Bausch & Lomb BBH8 Microscopes, with Lever Fine Adjustment 
For the Labojiatory ok HAc’rKuioLooY 


Since the introduction of the 

Bausch & Lomb Lever Fine Adjustment 

We have supplied other Philadelphia I.aboratorics with lar^e Microsct)i)C 
Equipments of this typo of Fine Adjustment follows: 

100 Bausch & Lomb BBH8 Microscopes to the Kourtb 't'cnr Chmcal 
Laboratory, Medical Department, University of Pennsylvania 

AND 

150 Bausch & Lomb FF8 Microscopes to tie; I'ourth Year ( linicnl 
Laboratory, Jefferson Medical CollcKc 


For the past fifteen years we have been distributina agents in Petmsylvanm, New 
Jersey and the southern states for Bausch & Lomb Miscroscopes, MicrotomeH. I ro- 
jection and Photo-Micrographic Apparatus, We carry the complete hue m stock in 
Philadelphia for immediate delivery at original factory prices, thereby saving buyers 
both time and transportation expense. 


ARTHUR H, THOMAS COMPANY 

IMPORTERS AND DEALERS 

LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 


PHILADELPHIA, PA. 



NOTICE TO CONTRIBUTORS 


The Jof KNAL OP Experimental ZooLOUi', uppcaring eight times a year, will publish 
pripiir.s whieh embody tlie results of original research of an experimental or analytical 
nature in the field of zoology, including inve.stigations on growth and development, 
both normal and pathological, on reproduction, regeneration, cellular phenomena, 
evolution, variation, heredity and ecology, and upon topics in general phy.siology. 
(Contributions must not bo of unreasonable length. In general, it is not desired to 
publish papers that occupy more than fifty printed pages. Preliminary notices will 
not bo published. 

No pafier t^at lias already ai)pearcd elsewhere will be accepted for publication. 
Simultaneous publication In another journal will not be agreed to. 

.Manuscripts should bo typewritten on one side of light weight paper, 8i X 11 inches, 
and should be jiacked flat, not rolled or folded. 

ddie eontent.s, table.s, qiiofation.s (extracts of over five lines) and all other subsidiary 
matter u.sually get in type sinailer than the text, should be typewritten on one or more 
separate sb(;ets and placed wdth the text in correct sc(luence. Footnotes should not be 
in with the text (reference numbers only), but typewritten continuously on separate 
sheets, as many to a sheet as convenient, and numbered consecutively from 1 up. 
Exfdanations of figiiro.s .should be treated in the same manner, and like footnotes should 
be put at the end of the text copy. 

l'':giire8 should be drawm for reproduction as line or half-tone cuts, so that they may 
oe printed in the text, either singly or in groups, unless the author is prepared to defray 
tlie additional cost of a more expensive form of illustration. Half-tones are frequently 
printed separately as plates to obtain tlie required details. All colored plates, litho- 
graphs, hcliotypes. photogravures, etc., are printed separately, and cost extra. In 
grouping the drawings it should be borne in mind that, after the reduction has been 
made, the figures are not to exceed tlie dimensions of the printed matter on the page, 
41 X 6j inches. Single plates may lie 5 X 7^ inches, or less, and double plates (folded 
in the middle) lU X 7^ inches. Avoid placing figures across the fold if possible. 
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together with the opportunity of examining most of the fish 
brought in daily from the traps, made it possible for me to ob- 
tain ninety-three different crosses, seventy-eight of which are 
heterogenic (between different orders or families) and fifteen 
homogenic (between different genera of the same family or 
different species of the same genus). Any distinction that may 
be made between homogenic and heterogenic crosses must be 
based on an arl^itrary line of demarkation. Loeb believes 
that there is a real difference in the character of development 
and heredity in the two types of hybrids which he calls homo- 
geneous and heterogeneous, but he docs not define the limits of 
the two types. It will be useful to consider inter-phylum, 
inter-class, intei-order, and inter-family crosses as heterogenic; 
and inter-generic, inter-specific, and inter-varietal as homo- 
yjenic. Ob\'iously there exist different grades of heterogeneity 
ind hornogeueity within the two subdivisions, and these grades 
will receive attention when matters of success in development 
and of heredity arc under consideratioii. 

In order somewhat to limit the size and scope of the present 
paper I have decided to deal with the seven ty-eight heterogenic 
crosses and to leave the homogenic crosses for later communi- 
cation. It was my intention to moke at least two experiments 
with every cross but in a few cases good eggs were obtained only 
once and it \vas not possible to repeat the experiment. In most 
of the experiments I had the cooperation of Mr. Austin P. Lara- 
])ee, whose assist anee greatly facilitated the work. The major- 
ity of the observations described in this paper have been confirmed 
by him although his chief interest lies in the study of the beha- 
\dor of the chromatin in a number of the more favorable hetero- 
genic crosses here dealt with. In \'iev>' of the fact that Mr. 
r.arrabee is to deal in detail with the c>dological side of this 
subject, I shall make no statements concerning this phase of 
the work, but shall refer .only incidentidly to the cytologieal 
results of other authors. 

The purpose of this paper is to present a general survey of 
heterogenic hybridization in Telcos ts, to discuss the principal 
lu’oblems involved and to point out the particular parts of the 
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field which have seemed to me most worthy of det*iiloil study. 
The one salient impression that I ha\'e carried away from my 
survey of this relatively extensive tii'ld is tlie impiessiun of its 
richness. It fs a new and promising; line of work that otters 
mu5i to the investigator who is willing to study intensively 
some of the more favorable crosses hero dealt with only in outline. 

LlTERATl'KK ON llK'l'i:K(K;i;Mr 'l'};j,i:(»s r n^ BRIDS 

Comparatively few writers havi' <iea]f with fish hybrids and 
of these the majority have bred together rather thisely related 
species. Of those w^ho have describ(Mi the results (d inter-crossing 
different families or orders wc may mention Apj)ellr)b Motmk- 
haus, J. Loebj Giinther and Paula Hertwig, and Morris. 

Appellof (’94) is the pioneer in this Held. His results and 
conclusions have been referred to in aimllun' i-(rent paper (New- 
man ’14) and only a brief statement of the eross(*s made by 
him and of their developmental sucei'ss need be made. He 
produced but one cross between two on lias; f.abrus rupi'sti-is 9 
(family l abridae, order Ilaplomi) X ( Jadus na)iThua (family 
Gadidae, order Acantbopterygii). In this cross none of the 
embryos went further than an ('arlv germ-ring stage with a 
small embryonic shield. A cniss between two families of the 
same order was made re('i[)r()cally between (Jadus morrhua 
(family Gadidae) and IdeuronecK^ platessa (family IM(‘uro- 
nectidae). In the cro.ss Pleuroin'efes 9 x tiadus X the (>ggs 
developed normally up to early genn-i-ing <t:ig(‘s l)iit no ('rnbryonic 
differentiation occurred. The f('(‘ipr()cal cross gave entindy 
negative results, none of tlu^ eggs b('ing lertilizfHl. 1 li(‘.'^e two 
arc the only heterogenic crosses that w('n‘ made' l)y Af)i)ellof, 
if we use the term heterogenic as pnn’iously d('fin('<l. It will 
be noted that in neither cross did the d(‘\'elo|)nHmt profaned b(^ 
yond an early gastrulation stage. Appeihif lays great em])hasis 
on the idea that gastrulation is the most iin])ortant de\’elop- 
mcntal block in the einbryonie life of hybrids. 

Moenkhaus in 1904 described the reeipn)cal hybrids between 
PAindulus heteroclitus (order Hafdomi) and Menidia notata 



514 


H. H. NEWMAN 


(order Acanthopterygii). He was not primarily interested in 
determining the success in development of these hybrids and 
therefore did not seriously attempt to rear them. His account 
indicates that he was unable to get the Fundutus egg hybrid 
to develop beyond the period of gastrulation and that the Menidia 
egg hybrid would not go beyond an early germ-ring stage. It 
was of much import to note that both the Fundulus and the 
Menidia types of chromosomes retained their individuality as 
far as late cleavage stages. In a subsequent paper published in 
1911, Moenkhaus gives an account of a fairly large number of 
Telcost hybrids made during June and July at Woods Hole. 
In all twenty-eight distinct crosses were described, twenty- 
three of which are heterogenic. Eight of Moenkhaus’ crosses 
are duplicates of those that 1 have made and fifteen of them I 
was unable to repeat. In general it may be said that Moenk- 
haus was more interested in comparing the rate of develop- 
ment, especially during early cleavage, in pure- and in hybrid 
strains, than in determining their degree of success in develop- 
ment. No attention at all was given by him to the inheri- 
tance of paternal and maternal characters. In a few of the 
experiments that he was especially interested in he followed 
development as far as it went, but in the majority of the experi- 
ments the account closes when there has appeared a definite 
difference in the rate of development of the pure and hybrid 
stains. Comparisons between Moenkhaus’ crosses and my own 
and detailed comments on resemblances and differences will 
be made in connection with each cross. It may be said in ad- 
vance that Moenkhaus did not get any of his heterogenic crosses 
to develop very far. This failure to get any advanced embryos 
or larvae is rather striking in view of the quite opposite results 
of many of my own experiments. 

A paper on ''Heredity in heterogeneous hybrids” was pub- 
lished in 1912 by J. Loeb. In this the author deals with various 
Echinoderm hybrids and the following Telcost crosses : Fundulus 
heteroelitus 9 X by Menidia sp. d'; Tautogolabrus adspersus 
9 X Stenotomus chrysops cT . It was also mentioned inciden- 
tally that a cross between Menidia sp. 9 X F; heteroelitus cf 
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had been made. The conrlusion that Loeb reaches is that ilevol- 
opment in heterogenic hybriiis is essentially ])artlienogenotic 
and that the spermatozoon plays only the first i)art of its n!)rinal 
role, that of initia^ng dovelo[mient, I'he format ion of the 
embryo is stated to be purely a matter of the egg and tluarfore 
inheritance is strictly maternal. In one case Loeb cit(‘s evi- 
dence of a paternal influenee in heredity but seems to have some 
hesitancy about presenting tlie data. The claim is madt' that 
the heterogenic cross in whicli he noted thi.s paternal inluTi- 
tance is difficult to get but I have liad no ditliculty in making 
this cross almost any day during the months of June and July. 
In the other three heterogenic crosses Loeb was considerably 
more successful in getting advanced stages than M»)enkhans 
had been, but he was unable to note, any jiaternal inthieiu’e excejit 
that all the embryos were more or less retarded in dt^velop- 
ment and abnormal in structure, resemlding ]mre bred embryos 
reared in weak NaCN in sea water. The lijial eonchision is 
that these 'parthenogerietic’ embryos are j^alliologitail beeause 
of differences in the nature and rate of the chemical readion.s 
involved. This seems to imply that (h(‘ sperm does soiiH^liiing 
more than initiate development, hut it will be better to defer 
discussion of this point until the extcaisive data forming the 
body of this paper have been presented. 

Quite recently Gunther and Paula Ilertwig liave eutere<l the 
field of Telcost hybridization. In addition to ii num])er of 
homogenic crosses they have made a number of het(a*og(‘nic 


crosses, all between families of the same f)rder and m)ne between 
different orders: 

Gobius jozo $ \ 

Gobius capito 9 J 

in both of which only pathological imditTerentiated embryos 
were formed; 


X Grcnilabrus ])avo 


Crenilabruspavo 9 X ; ( 

in both of which development stopped before gastrulation ; ( VeniL 
abrus pav® 9 X Box hoops o’, in which there appeared many 
advanced embryos, with large well formed eyes, short tails and 
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considerable body pigment (these were not followed through 
but were preserved after two days); Crenilabrus pavo 9 X 
Smaris alcedo cf, in which most of the embryos di,ed during 
gastrulation but a few developed optic vesicles and went no 
farther. 

In connection with each of their experiments the Hertwigs 
studied the Joehavior of the chromatin in cleavage and found 
no chromatin elimination such as is described by Baltzer for 
heterogenic Echinoderm hybrids. This result agrees with 
Moenkhaus’ earlier work on similar material, and that of Morris 
(T4), who studied the behavior of chromatin in Fundulus heter- 
oclitus eggs fertilized with the sperm of Tautogolabrus adsper- 
sus. Miss Morris had no success in rearing hybrid embryos of 
this or the reciprocal cross. 

These papers arc all that I have found that deal with hetero- 
genic Teleost crosses. Some of my own papers and those of 
Kammcrer, List, etc., dealing with homogenic crosses need not 
receive attention here. 

The following distinct problems seem to arise out of this 
survey of the literature: (1) Is success in development of hybrids 
correlated with the nearness of relationship of the species crossed? 
(2) What factors underly the differences in success in develop- 
ment and in heredity between reciprocal crosses? (3) Is the 
development of hetcrogenetic crosses parthenogenetic and there- 
fore purely maternal? (4) What is the relationship existing 
between the degree of normal functioning of chromatin during 
cleavage and the development and heredity of hybrid embryos? 
It is hoped that the large mass of data hereinafter presented will 
to a large extent clear u]) some of these problems. 

^[AT]-:RIAr.S AND ^IKTHODS 

Table 1 shows the systematic relationship of the fourteen 
species used. The classification of Jordan and Evermann 
(4)0) is adopted throughout the present paper. I was unable 
to obtain ripe eggs of three of these species: Poronotus triacan- 
thus, Menedia bcryllina cerea, and Morone americana. Males 
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TAin.K 1 




(jtt'ino a 

lts( ol the siheii s 

(W tl<}i eroitst'ti 



GENUS, SPECIES AND 




COMMON NAME 

it-dlUlKH 


miaEK 

1 

Fundulus heteroelitus 





(common killifish) 


Pocciliidao 

Haplorni 

2 

Fundulus diaphanus 



(fresh water killifish) 


I’occiliidac 

Haploini 

3 

Fundulus majalis 




(mayfish, striped 
minnow) 


Poocilli(l:u“ 

liaploiui 

4 

Cyprinodon variegatus 




(rainbow minnow, 





short minnow) 



lia[>li>nii 

5 

Gas teros tens aculeatus 





(three-spined stickle- ; 
back) j 


(lash'i'osicidao 

llcitiihnmclni 

6 

Apeltes quadracus 





! (four-spined stickle- ! 





; back) I 


( cistcrosti'idai' 

lltMiiilnanrliii 

7 

' Menidia beryllina cerea 





(silverside) i 

Perccsoces 

Al hcriiiidai' 

Acaiillu'ptrrygii 

8 

Menidia menidia notata 




(silverside) 

Pcrcesoccfi 

Adu'riiiidiu' 

.\cant hopli'ivgii 

9 

Scomber scombrus 




(mackerel) i 

Khegnoj)t(‘ri 

Scuiiihridac 

.\c:inlli<)pt(*rvgii 

10 

^ Poronotus triacaniluis ; 




(butterfish) 

Rhegiioi)tcri 

Sf rouiatcid.'H* 

Acanthoiilcrygii 

11 

Morone americana 




(white perch) 

Rhcgno})tcrj 

Sci'anid.'U' 

Acanf lirtpfri \ gii 

12 

Stenotomus chrysojis 





(scup, porgie) . 

Hliegnopteri 

H])arid;U‘ 

Acunlhopli'rvi'ii 

13 

1 Tautogolabrus adsper- 





i sus (cunner) 

Phuryiigognathi 

babridac 

.Veanthopferygii 

H 

Tautoga onitis 





(blackfish, tautog) 

Pl]iu\viig()giiathi 

Labridac 

Acantiinpfci vgii 


of the first two species were iibinKhuit for a lon^ time, i)ut no 
ripe females vv^ere brought in. Only one sp('ciineii of Moronc' 
was secured, a ripe male that lived for sonu’ time in the lujuariiirn 
and furnished excellent material for a muitiIxm’ of crosses. 

The usual methods of preventing accidejital bn-tilization of 
eggs by sperm of the same species were carefully followed, 
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hands and instruments being washed in fresh water before each 
new experiment. As a farther precaution against accidental 
fertilization, we avoided the use of any males of a given species 
when experimenting with the eggs of that species. In only 
a few cases therefore were controls of pure bred eggs started at 
tlie same time as the hybrids. In the case of Gasterosteus and 
Apcltes females were abundant and males rare. In the former 
species males were not found until late in the season after all 
the crosses with the eggs of that species had been made. Hence 
there was no chance of accidental fertilization in this species. 
In the case of Apeltes, only an occasional small male was secured 
and, since no milt could be squeezed out under pressure, it was 
necessary to dissect out and macerate the testis in order to 
get any sperm. This was also true of Cyprinodon and only 
to a slightly loss extent of the three species of Fundulus. Hence 
chance fertilization is out of the question in crosses involving 
the females of these species. In general I would add that even 
without any special precaution against it, accidental fertiliza- 
tion is highly improbable. During eight years of work with 
fish eggs 1 have never had a single embryo develop in an experi- 
ment with eggs that had not been intentionally fertilized. It 
should therefore be understood at the beginning that the results 
here reported are not to be discredited as due to accidental homo- 
genic fertilization. We can vouch for the kind of sperm respon- 
sible for development in each cross. 

The plan for presenting the data is as follows. All the crosses 
made upon a given species of egg arc grouped together under 
a general heading and the various crosses are taken up in the 
order in which the species are listed in table 1. General remarks 
about the breeding habits, the peculiarities of the eggs, their 
rate of development and the special heritable characters of the 
pure-bred lar\^ae, are made in introducing experiments with 
each species of egg. It seems a{lvisable to employ in the de- 
scriptions of the different crosses the utmost abbreviation con- 
sistent with clearness of statement. It is hoped that the reader 
will pardon a certain amount of unavoidable abruptness in 
diction. When a date is mentioned it refers to one experiment 
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started on that day. Two or niore dative moan two or more 
different experiments. Oecasioiially, two or more experinuMit.s 
of the same kind were made on one day and this is indicated in 
parenthesis after the date, 

CROSSES WITH TH?: KdOS OE IT’NOri.rs IIEI'KIO » 'M Tl'S 

This species has furnisiiod material for a lar^o amount of 
experimental and developmental wofk. Tlie average diameter 
of the egg is about 2 mm. When tirst laid the eggs are covered 
by a sticky fibrous coat which causes them to adhere to any 
bodies with which they come in contact ami, under lahor.atory 
conditions, to form clumps of various sizes. In order to insure 
normal development of citlior jiure or hybrid (mil)i'yos of this 
species it is necessary to dissect apart tlu’se egg clumps as soon 
as possible after fertilization. These eggs ar(‘ remarkalih' for 
their hardiness and ability to resist untowanl conditions. This 
hardiness is probably responsible to a (‘onsiderabh* extent for 
the success with which this species hybridizes with many other 
forms. The development is comparatively slow, najuiring 
twelve to fifteen days to roach the stage of hatcliing. Vtmng 
larvae live well in finger bowls or small balanced aquaria. De- 
tailed studies of the embryonic and larval ehromato])horcs of 
this species and of their inheritance have been made by Ban- 
croft (12) and Newman (’08 and d4). Both red and black 
ehromatophores occur on both liody and yolk, ihc black 
cells are characteristically poh'gonal in shap(‘ and hav(^ onl\ a 
few short branches. In addition they (‘xhibil a temlem'y to 
fuse in dense groups. The red cells ar(^ intricately branched 
but do not fuse. In abnormal specimens both types of chroma- 
tophores may show a modification of (lie typical form, the blacks 
tending to branch and the reds to be a mor(‘ solul-bodied and 
less branched. These characteristics of the ehromatophores 
are strongly inherited in homogenie crosses as sho^vn by the 
authors mentione<] above. 

F. hekroclitus 9 X Gasteroalem ncnkalus rf. .\o inalcs 
of Gasterosteus were found until July 4th. Two experinumts 
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were performed July 4 and 9. The failure to secure males of 
the paternal species earlier in the season may be due to the fact 
that during the height of the breeding season of the stickleback, 
males stay about the nest to guard the eggs, and hence they es- 
cape the seine. In both experiments a large per cent of the 
eggs clea\'ed and developed normally uj> to the closure of the 
blastopore. Slender embryos with optic vesicles and a few 
somites were formed. These shortly disintegrated without 
deyeloping farther. The cfiromatophores did not reach a defini- 
tive condition and tlierefore it was impossible to decide whether 
or not the maternal type was modified. It is my belief that 
this cross would have been more successful earlier in the season 
as both species had passed the height of their spawning activities 
before the experiments were made. 

F. heieroclUus 9 X A pelles quadracus d' : June 17 and 25. In 
the first experiment a large proportion of eggs developed normally 
up to an early ])eriblast stage. IVTany then disintegrated but 
a few formed sliort sliapeless embryos \\dtli little or no head 
differentiation. In none did the germ-ring go more than half 
way around the yolk. The second experiment was more suc- 
cessful. Only about 10 per cent cleaved but nearly all of these 
continued to develop through the germ-ring stages until the 
closure of the blastopore. Five embryos were developed in 
which the body was long and slender but no head differentiation 
was evident. Much pigment totally foreign to that charac- 
teristic of F\ Jieteroclitus was fonned on bod^ and yolk. All 
chromatophores woi’e slender and intricately branched. No 
red chromatophores ((pj)earcd. This is the only case in which 
I have observed in lieteroclitus egg hybrids the total suppres- 
sion of the red chromatophore so characteristic of that species. 
1 do not care, howc\'or, unduly to emphasize this observation 
us I was unable to re])eat the cross. 

FJicleroclitus 9 X MioiediahcryUwa cerea Junel9an429, 
The first experiment showed a large proportion of eggs cleaving 
normally. These safely passed through the germ-ring stages 
and many of them formed normal embrj^os with well developed 
eyeJ^, otic vesicles, long tails, string heart; but in none was the 
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circulation established. Pij^menlution on the body was of a 
modified F. heteroclitiis typo; tliat on the yolk stained to be 
pure maternal but did not roach the dolinif ivo staj^o. The, second 
experiment was similar to the first oxcojU that thiaa^ imlividnals 
developed circulation in both l)ody and yolk. These jrri'W wa'li 
for some days but gradually tlio heart slowial down and st()p|)e<}. 
It may be that these embryos became infected and then‘h)re 
met an unnatural fate as it is unu^al for embryos that have 
established a circulation to fail to hatch. The embryos tliat 
reached the most advanced stag<' of dovolopmont wore strikingly 
like the maternal species while many of tlie less successful (ao' 
bryos showed decided traces of the paternal inthnaua* in their 
chromatophores. Moenkliaus described this cross using tin' 
name Menedia gracilis. Ills results are in a(‘(*or(l with mim- 
except that he never noted any embryos with circulation. 

F. heieroditUr^i 9 X .^fcitedia fitciiniia o': dune I!) diid 

SO. In the first experiment ()\’er !)tl per (*ent of (‘ggs clea\(‘d 
and at least 50 per cent doveloj>ed normally through gastnila- 
tion. The majority formed eyes with ](‘nses, o(i(' v(\siclcs. a 
long tail, pulsating heart, etc. On the sixth day live sjieci- 
mens had established perfect cii'culation. Oiu' liatelied on tin* 
fifteenth day, one on the sixteeiitli, and two on tin* seventeenth. 
These larvae lived for twelve we('ks in a small balanec'd jujiiariutn 
and were still alive when this account was writtim. 1 have 
unable to note any differences ])('iwe('n thes(‘ hybrid lar\a(' 
and those of purebred F. lieteroclitns. Th(' less suen'sstui 
embryos lived for a long time and althougli IIkw did Hot develop 
a circulation continued to (liffcr(‘ntiat(' m:iny tirgans. 1 liey 
show a mosaic of paternal and maternal chromatnphojvs on 
both body and yolk. The heart lies in an enlarged pfaicardinm 
situated in front of the head. As this fiericanlinm gnovs thv 
heart elongates and extends across from its point ot atlaclinuMii 
on the embryo to that on the oppiisiti* sidr' of the f>erif‘anliniiL 
Though the.se hearts are under tension during tlunr eii(1n> (h'velop- 
ment they differentiate as though tluw were in normal imsition. 
The four chambers, the valves and the fiexuins appear in almost 
normal form, and the heart beat.^ with normal rhythm althougli 
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it contains no blood. In some cases the heart becomes detached 
from the embryo and lies on the opposite side of the yolk; yet 
it still pulsates normally (fig. 1). In other cases the distal end 
of the heart breaks loose, leaving the free end wagging back- 
ward and forward like a dog's tail. These abnormal hearts 
furnish excellent examples of automatic differentiation of embry- 
onic tissues. One is impressed with the conviction that certain 
tksues are predestined to^form organs no matter what their 



Fig. 1 A common type of hybrid embryo from Fundulus heteroclitus 9 X 
Mcnidia menidia notata if (fifteen days old). Note the heart (h) which, though 
connected with the embryo by only a delicate thread, beats with an almost nor- 
mal rhythm. The heart is stretched across the abnormally large pericardium the 
margin of which (p.c.) is seen to tlie right. In embryos of this type both parental 
specific types of black chromatophore are present, the squarish F. heteroclitus 
type {F.h.t.) and the finely branched Menidia type {M.L). Embryos showing 
this degree of paternal influence seldom develop further than this specimen. 


developmental relations may be. Certainly correlative develop- 
ment seems unnecessary in the case of these hearts for they 
develop their flexures and chambers when stretched instead of 
being crowded as in normal development. Again when we 
find isolated hearts beating normally without any blood we are 
impressed with the extreme independence of the heart mechanism. 
It would be of interest to determine whether such embryonic 
hearts have ganglion cells. The second experiment was less 
successful thoi^h many well developed embryos appeared. 
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These displa^^ed active muscular inoveinciits, non mil lioads 
and beating hearts; but in none was normal circulation estab- 
lished and in all was the paternal inliuence evident in the chro- 
matophores. This cross was studied extensively by Moenkhaus 
who describes in detail the characters of the unsuccessful hybrid 
embryos. Only one specimen was seen hy him to have esttilv 
lished a circulation and even this did not liatch. 'Phis result 
is rather in contrast to mine in \vhii;h live individuals hatclied 
and lived for weeks. It is probable that the unusual eombina- 
tion of cool weather and care in se[i;i‘(‘ga1ing the liest (unbryos 
accounts for my larger measure of success, l.oeb i’l21 evidmtly 
had little trouble in getting advamaul embryos from this cross 
for he described cases in which a circulation haii been cstalilislied, 


but none hatched. 

F. hfAeroclitus 9 X Scomber scombrus d^: J unv d7\ and AO. 
In many respects this was the most remarkable cross inad(‘ 
on account of the striking opposition bctw('cn the two spiades 
used and the marked success in development of the liybrids. 
All three experiments gave practically idcnti(‘al results, for in 
each some individuals developed a circulation. In tlie lirst 
experiment one embryo hatclied and livtal iis an aeti\e 
for nearly three weeks. All of those that established a own- 
lation were almost pure maternal in character, showing little 
or no evidence of mackcral jiarentage. Many of tin* otlier 
hybrids went on developing for at least two wei^ks and formed 
fairly normal larvae with pectoral fins that inovod rhythmi- 
cally. They seemed to be ready for hatching hut wmv UMabl<‘ 
to escape from the egg membrane. A largi' numlier of the 
embryos that failed to establish a circulation develoiied a Ingh 
degree of head differentiation and their cln’omato])hon‘s eon- 
tinued to grow until they reached the (kdimtive (‘onditiom In 
many of these retarded embryos the chroiiiatopluires w(‘n> piv. 
vailingly maternal, but side by side occurred the sipiansh black 
chromatophores of F. hcteroclitus and tb(^ iiitricati > mnu lu 
ones of the mackerel. Sometimes from a. solid sipiarish bod> 
there ran out a slender branching odshoot Red (diromatopho s 
appeared in nearly all embryos and, though sligldly lr>ss im 
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tricatcly branched, were evidently pure maternal. The most 
r(‘ markable of all the ehromatophore characters was discov- 
ered by Mr. Larrabee and confirmed by me. In a consid- 
erable number of embryos there occurred the strikingly specific 
green pigirient cells of the mackerel. These green cells are per- 
haps the most highly specific of the pigment characters found 
in the mackerel and they never occur in pure F. heteroclitus, 
lienee it would be difficult to find a clearer case of paternal 
inheritance in a heterogenic cross. This cross affords a graded 
s(‘ries of individuals showing all stages of success in develop- 
irient from those that died during gastrulation to those that 
hatched and lived for weeks as normal larvae. Some of the 
retarded embryos show^ all stages of heart development seen in 
other crosses. Others show the pectoral fin developing out 
on the yolk at a distance from the embryo and in still others 
an extensive pericardium appeared without any heart. As F. 
ludcroclitus eggs hatch in from twelve to fourteen days and 
those of Scomber hatch in less than three days we are dealing 
with the engrafting of two very different ontogenies and it is 
surprising that development is as harmonious as it is. In no case 
was there any hastening of the slower F. heteroclitus egg by the 
sperm of the more rapidly developing mackerel. On the con- 
trary the development shows an early retardation and even the 
most succes.sful individuals are belated in their hatching. ^Eve- 
dently then the rate of development is not capable of being 
inherited through the sperm. This cross furnishes a remark- 
ably clear demonstration of the fact that in heterogenic crosses 
the maternal and paternal heredity factors are simultaneously 
operative. In some individuals the maternal factors seem to 
predominate almost to the exclusion of the paternal. In others 
the paternal and maternal factors seem to be about evenly bal- 
anced and in still others (very rare) the paternal factors are 
dominant. One specimen in particular was noted in which 
the yolk was covered with a delicately branched network of 
chroma tophores of the mackerel type, none of the solid-bodied 
polygonal chroma tophores of the maternal species being present. 
Not a single ref! ehromatophore so characteristic of F. hetero- 
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clitus-was present. In general it may be sai.l tliat Ih, hmsI . suc- 
cessful embryos are most nearly yure mnU rnnl and that those irhieh 
exhibit well defined traces of iMternal iufluenir ar, marhdty less 
successful. 



stqjlate chromatophoros. is tlie ni:i\lniiitii nj drvi'lopiinait ti'aflird 

by embryos of this cross in most of the ('X])('iiim‘nls. 

•Fig. 3 Exceptioiiiilly advuiuTd hybrid ciiibiyo I'nun Knnduliis hclcntrlil iis 
9 X Poronotus triacanthus c’. The iie.-id is still a 'narnov licad’ [ii.h.i although 
tnuch more advanced than iismil. Nole th(' two types of hlai-k elirornaloiilutres, 
the squarish F. hetcroclilus ty|)e [V.h.i.) and the stellate I'oronoliis type t/hb). 
Pectoral fins {p.j.) are well dcvclopeit; a ciHi.-^iderahli' atiiouni of yolk lias been 
consumed, although no circulation has lu'cii esf ahlislied. I his embryo was 
fifteen days old when drawn. 

F. heteroclihis 9 X Ponuwlus ln(ic<uilhus if: .fuuc 17, 111, 
25, 26, and July 6 and 11. Tho results of till the expttnnieiils 
were strikingly similar. Xearly all the eggs eleavt'd iionually 
and development though slower tliaii the eoiitrol appetired 
perfectly normal until the third or fourtii (lay, whert a hig)il,\' 
characteristic type of embryo was formed, whie^w(‘ ha\a‘ ealhvi 
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‘narrow-heads' (fig. 2). Only rarely did well defined* optic 
vesicles appear and only in one case did eyes with lenses develop 
(fig. 3) , and these were very small though normal in appearance. 
The great majority of the ‘narrow-heads' showed no brain 
differentiation anterior to the otic vesicles. From there back 
how'ever they appeared to be quite normal, forming pulsating 
hearts, many somites and a tail. After five or six days, how- 
ever, development ceased and dedifferentiation set in, resulting 
in the formation of lumpy embryonic masses still retaining a 
spark of life. The most successful embryo appeared in the 
experiment of June 17 (fig. 3). It was normal in appearance 
until the end of the sixth day. After that time the head an- 
terior to the otic vesicles ceased to develop and possibly di- 
minished in size. Pectoral fins appeared and the embryo lived 
till July 8 when it began slowly to dedifferentiate and eventually 
died, without establishing a circulation. Not having been able 
to secure the eggs of the butter-fish I am unable to say anything 
definite about the paternal inheritance. It seems strange that 
the F. heteroclitus eggs should cross so much less successfully 
with the butter-fish than with the mackerel for both of the 
paternal species are ecpially distantly related to the maternal. 

F. heteroclitus 9 X Morone ameficana d^i June 25. Only 
one ripe male of Morone was obtained. Early cleavage was 
rather irregular but development proceeded to the end of the 
cleavage period. No embryos formed a germ-ring, hence develop- 
ment ceased at the beginning of gastrulation, 

F. heleroclitus 9 X Stenotomus chrysops (f: June 17, 19, 
26, 80, and July 7. Scup males with abundant milt were always 
at hand and every opportunity for normal development was given 
the eggs. In four experiments no embryos reached the stage 
of blastopore closure and none showed any head .differentiation. 
In one experiment, however, a considerable number of embryos 
succeeded in closing the blastopore and developing long slender 
headless bodies which were covered with small delicately branched 
chromatophores totally unlike those of F. heteroclitus but exactly 
like those of the scup. These embryos seemed to retain their vi- 
tality for many days after this period but did not develop farther. 
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F. heterocUtus 9 X Tautotjoluhrus oilspersua o': June IJ, 
19^ 24, 29. There was a wide {lifftTenro in the success of tlcvelop- 
mexit observed in the various experiments. In those of Ji^ne 
13 and 29 80 per cent to 90 per cent cleaved and developed 
normally up to various j^erm-rin^r stages but none succeeded 
in closing the blastopore. Of tlieso fertilized on June 24 1ht‘ 
majority succumbed during the genn*ring sti^ges but five closed 
the blastopore and produced embryos with eyes, lenses, otocysts. 
pulsating hearts but without circulation. On the sixth day 
all were dead. In the experiment of June 10 about 20 i)er cent 
of the eggs cleaved. These develoiK'd normally (iirougli (lie 
early germ-ring stages but only two sueceeded in closing the 
blastopore. One of these failed to est^iblish a circulation but 
the other continued to develop and hatclied on the (Mghle«nth 
day. This larva appeared to be normal and healthy but died 
in about a week. The other specimen that had established a 
circulation but failed to hatch livTtI considerably longer Init 
gradually died of anemia. Moenkhaus made this cross five 
times but in no ease did embryos develo]) b(*yond middii^ germ- 
ring stages. This result agrees with my exp(‘tirmmls of June 
13 and 29 but differs materially from those of June 1!) and 24. 
Morris (T4) made this erdss many times but did not attemf)t to 
rear the hybrids. Loeb, however, got a numlx'r of advanced 
hybrid embryos with "eyes, ears, fins, ])lgment and heart ))eat; 
and some developed a circulation which lash'd for llin'c or fom 
days, but none were observed to hatch. 

F. heterocUtus 9 X Tauiofia omlis d': June is andJu ij »> 
both experiments a large per cent of eggs prorcci (< nontia \ 
through cleavage stages and a few readied late | 0 'rnwang com 
ditions but failed to closo the blastopore ' ; y 

mentation appeared but it was not possi do lo f ■ ' ' ) 

ental types of chromatophorcs. .Mocnkliaus nudi. tlu 
three times with results similar to those just described. 
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Fig. 'I Yoimg hybrid oinbryo from Fundulus heteroclitus 9 X Tautoga 
oni(js (f (four days old). This represents the maximum stage of development 
attained in this cross. The germ-ring (y.r.) never completely surrounds the 
yolk, and very little embryonic differentiation occurs. Note, however, that 
chroinato[>hores develop independently of other tissues. 

CROHSES WITH THE OF FUN GULFS DIAPHANUS 

(liaphantis is a fresh and brackish water species closely 
related to F. heteroclitus. The egg is a little larger than that 
of the latter and is more transparent. The eggs are laid by 
the females when clasped by the males, as in F. heteroclitus, 
and adhere by means of the sticky fibrous covering to aquatic 
vegetation. Very few eggs of this species were available this year 
but in previous seasons I have crossed F. diaphanus with F. 
heteroclitus, F. majalis, and Cyprinodon, all of the family Poecilii- 
dae, and with Taiitogolabrus adspersus. In general the results 
arc similar to those for F. heteroclitus, except that the egg does 
not seem to be so tolerant of the sperm of distantly related 
species. Flybrids from F. diaphanus eggs and the sperm of 
Poronotus, Sienotomus, and Taiitogolabrus, go no farther than 
the germ-ring stages. The fact that F. diaphanus is practically 
a fresh water species introduces an element into the crosses 
that may be responsible for the lack of success in the develop- 
ment of heterogenic hybrids made on this species of egg. More 
work is needed on these crosses before any definite conclusions 
can be drawn. 
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CROSSES WITU THE Kr.V'.S OE V'l'NDriA'S MUAIAS 

The eggs of F. majalis are the largest ami most heavily yolk- 
laden of any used in these experiments. They average 9 iiiin. 
in diameter and are of an oiiaque yellow eolor. 'the egg envelope 
is sticky but not fibrous as in other speeies of Fiiiululus. Pre- 
sumably the eggs are laid under the stimulus of the elasjhng 
male, as I have observed upon two o(‘easions males elasping 
females. I have as yet failed to iind any s])oeics T('leost 
which can be crossed with any luarked degr(‘e of success u[)on 
F. majalis eggs. Even members of th(‘ same genus tail to I'ro- 
duce any hatched larvae (Newman 'OS, Til. 

F. majalis 9 X Apdtes quad me us c)^.' dune 3(L Only three 
eggs cleaved but these were isolated and \vell carj'd for. '1 hey 
succumbed however during late germ ring stages after fo^n- 
ing only a broad, flat embryo without any visible dillertmtiation. 

F. majalis 9 X Meuidia hcriillinn o'- dune d(i. Only ten 
eggs cleaved, developing slnnl embryos with bram lolics but 
no optic vesicles, A short upturned tail (hoTlopcd altliough 
the blastopore ne.ver completely closeil (fig. n.) 1 hromato- 

phores appeared but never reached a. defimtivt' siagiv 

F. majalis 9 X MenuHa mcnldia notala oE* dunu dn and 
July 1. ' Nearly all the I'leaved and ih'veloix'il nermally 

up to early periblast stages, when the fireat majuvily died. Na-en 
embryos continued to develop and were isolated and well eaied 
for. These grew well and develo))ed pignieuled eyes olie 
vesicles, many somites, pulsating siring heai ( , hnl iio i in ii ali^ i 
was established. The chromatophores of the (wo species in- 
volved are so similar that it was not possible lo detcnnine (he 
paternal influence. , i 

F. majalis 9 X Poronoliis irlacnfdhus dune .> ‘ ''j 

In both experiments the majority of chau-mg eggs ( 
advanced embryos with well dificrcniiatisl 
being large and heavily pigmented (iig. h). Ihv ■■ 1 ^ 

nmS successfully closed; a short movable tail devi oped, Ihc 
Xomatophores showed no trace of 
heart beat was visible and no P-n-^'-lmm >1. 1- 

curious embryos appeared to bo spee.hc for (Ins cross. 
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•ig. 5 Type of retarded embryo from Fundulus majalis 9 X Menidia beryl- 
lina cerea c? "(at maximum stage of development, five days). The embryonic 
shield (e.s.) is short and stands high above the yolk and the germ-ring {g.r.) 
is thick and well defined. Jllack pigment granules have begun to appear. 

Fig. fi Typical embryo from Fundulus majalis 9 X Poronotus triacanthus 
cf, showing persistent germ-ring (^.r.) and rudimentary tail (i.). This stage 
is a week old and at its maximum phase of development, 

CROSSES WITH THE EGGS OF CYPRINODOX VARIEGATUS 

Cyprinodon is a small brackish water fish commonly called 
the ‘short minnow^ or ‘rainbow minnow/ The spawning habits 
(described by Newman, ’07) are very similar to those of F. heter- 
oclitus and other members of that genus. The eggs are smaller 
than those of any of the Fundulus species, being on the average 
less than 1.5 mm. in diameter. They are covered with a fibrous 
sticky coat similar to that of F, heteroclitus. ‘Fhe yolk is almost 
colorless and the egg, except for its envelope, is almost as trans- 
parent as a pelagic egg. Embryos hatch in seven or eight days 
and the larvae live well in finger bowls. It is somewhat difficult 
to obtain females with ripe eggs but every season for some years 
past I have secured a few such individuals. In previous seasons 
I have crossed the eggs of Cyprinodon with all three species 
of Fundulus and with the cunner (Newman ’14). 
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Cyprinodon vanegatus o x ApeKcs quadracus Ju}>e dO. 
Nearly all of the eggs cleaved nonually hut went no fartlwr 
than early periblast stages. 

Cyprinodon variegatus 9 M audio oivoidia nolo la Junedd. 

About 40 per cent of the eggs clea\'e<l normally. After twenty 
hours these had reached early gernwring stages, Three embryos 
proceeded to late germ -ring stages and then broke don ri without 
closing the blastopore or de^xloping a distinct embryonic axis. 

Cyprinodon variegatus Q X Scoudicr scomhriis o': July L 
Only about 10 per cent of the eggs cleaved. These developed 
to the end of the cleavage period but died without forming a 
periblast.^ 

Cyprinodon variegatus 9 X StaioUmm ehrysop^ <S': July 
1 and 3. Nearly all eggs in both ex])crimonts cleaved and were 
in normal periblast stages after nineteen and twenty hours. After 
forty-four to forty-six hours all embryos were fouiul to be <]is- 
integrating in early and middle germ-ring stages, without form- 
ing distinct embryonic axes. 

Cyprinodon variegatus 9 X Taulogolohnus adspa'sus cf: 
June 25, 1913, and July /, /.9/4* In tirst, expmiment all 
embryos ceased to develop in advanced cleiivage stag('s l)ui in 
the second a largo number of embryos dcwclnpcd normally up 
to late germ-ring stages showing the neural groo\'(‘ partly (dosed, 
primary brain vesicles, but no larther luaid dilT(T('n fiat ion. A 
little later disintegration set in and all the embryos died. 

Cyprinodon variegatus 9 X Tautvya omlis (S': July 3, .\bout 
half the eggs cleaved and dev(dop(‘d normally for ahmi eighteen 
hours, at which time the periblast wns s(*(m U) 1>(‘ growing noi- 
mally over the yolk but the central cells of th(^ blastodisc showed ■ 
unmistakable signs of evtolysis; none Umuod a distinct gorm-nng. 

It may be said by way of summary that (\yprinodon eggs 
appear to be ill adapted for hyliridization. in all of tlie nine 
crosses the developmental block occurs (-ai-ly or latem the gas- 
trulation process and no distinct (Miibryonic dilha-entiation 
occurs. The most advanced condition is roivhod l)y the mter- 
order cross Cyprinodon 9 X Tautogolabnis c? where, the iirst 
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steps in embryonic differentiation are taken. It should be 
especially noted that after repeated trials Cyprinodon refuses 
to develop beyond the gastrulation stages when crossed with 
any of the species of Fundulus, a genus belonging to the same 
family as Cyprinodon (Newman ^14). The cause of this 
failure on the part of Cyprinodon to hybridize successfully is 
probably associated in some way with the constitution of the 
egg cytoplasm. Some specific material of the egg is doubtless 
so highly individual and so delicately balanced that no foreign 
germ plasm can successfully cooperate with it in the building 
up of embryonic characters. Any species of sperm seems to 
be able to take part in cleavage and to start gastruiation but 
only sperm of the same species can cooperate in embryonic 
differentiation. 

CROSSES WITH THE EGGS OF GASTEROSTJa^S ACULEATUS 


The breeding habits of the sticklebacks are well known. 
The male makes a nest of grasses in which the eggs are laid and 
fertilized; he then guards the nest. During the best part of the 
spawning season no males were secured although large numbers 
of ripe females could be obtained at any time. Early in July, 
howe\Tr, when the spawning season was on the wane a number 
of males were obtained and were easily distinguished from the 
females by the salmon pink coloration of the jaws, operculum, 
and pectoral fins. The eggs are stripped only with some diffi- 
culty. On considerable pressure they burst forth from the 
genital opening along with a quantity of thick mucilaginous 
jelly which serves to cement them into a mass or a single layer on 
the bottom of the vessel. After some hours the mucilaginous 
material becomes thinned by the sea water and may be drawn off 
with a pipette as a thick syrupy fluid. The eggs, however, remain 
rather iirmly massed but may be separated by the use of some 
force. Many of the normally developing eggs retain the shape 
impressed upon them by contact with their neighbors, but this 
change in shape does not affect the form of the pure bred embryos. 
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The eggs have a rather thin cuvelop(' aiai nioasvuA^ ou the aver- 
age a little less than 1.5 niin. in aiainet(‘r. They are of a elear 
yellowish tint, the yolk appearing to he of about the same lien- 
sity as that of F. het or riel it us. 1 hire-bred embryos hat eh in 
about six or seven days and tlie larvae live well in 

Gasterosteus aeuleat^iS 9 X /houbdiis hiUrodiina o’: ./(oie /a, 

18 (dt 10:15 aM. (V^d again al .{ pjn,). The three (‘xporimeut> 
gave three different results. In the lirst the nudole eh'avage 
stages of many showed a loose cell texture, with peripheral cells 
deeply separated and giving a .serrated prolih' imu'h like those 
figured by the Hertwigs, for the. eross ('renilabrus ('avo 9 X 
Smaris alcedo c?. (Hertwigs '14, lig. KH. In others the r rav- 
age was normal and ac\-eloiinieiit pi-oeeeded in typie.vt laslnoii, 
though more slowly than iii the eontrol, up to middle ;er[ri-nnK 
stipes. At this time the margin of the gei'iii-riiig ee;i,-(>.s to ad- 
vance and begins to retivaf towar.l Ihe miinial I'"'*' 
where out of an accumulation of emhn ume e(dls a short d,odi.il 
embryo develops that exhibits a eons.derahle ^'gi'e,. .1 <ltlTe.- 
en Jion. In some of these en.hryos well f-'- ' 

eyes occur together with largo otic vesich's anti hi.m h.lt.^ 
Pigmentation was not carried very far in this expt-rnm.i .m. 
the specific characters of tiie. lairent species cndtl n.>t h, tl l. i- 
M In none of the embryos .h.l tt heart or perwarthun 
develop In the second expcrin.eni fewer tanhrytts appeal,, 
Ld these disintegrated in late genn-nng 

the period of gastrulation an, ..a' < delined otic visi- 

cles and many clean-cu ■ somi . - 

this but all continued to c i ®'‘ “ ' ' swoliim otic vesiidcs 

forming darkly pigmented eyes and J 

The chief abnormality appeared at the posU-U 
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tail was blunt and short and much too small for the body. The 
chrornatophores appeared as a mosaic of the two parental types. 
One who has made a careful study of these cells in F. lieteroclitus 
could not fail to recognize the foreign character of some of the 
chrornatophores forming this mosaic. Curiously enough none 
of the embryos developed a heart or pericardium and hence all 
died of inanition after about twelve days. This cross furnishes 
a good example of the fact that the results of crossing two differ- 
ent species are not always the same. Had I stopped after two 
experiments I would have concluded that this cross does not 
go through the gastrulation period. Such considerations should 
malce us pause in stating that any cross has certain definite lim- 
itations. I have little doubt but that some of the experiments 
that have gone badly with me will be successfully carried through 
to hatching by some other worker. 

(lastemteus acideatus 9 X Fundulus diaphanus ^ : July H. 
This exoerment was made too late -in the season for the best 
results. Only about 20 per cent of the eggs cleaved. After 
twenty 'four hours these were in early germ-ring stages which 
showed signs of disintegration. None lived through the gas- 
trulatim period. 

Ga?iiBro8tem aculeahis 9 X Fundulua majalis (f ; June 25, 
About 80 per cent of eggs cleaved and developed normally through 
the aeavage period. Alany of these lived through the middle 
germ-ring stages, formed well defined embryonic axes, but 
none succeeded in closing the blastopore or in developing any 
distnct embryonic organs. 

Casterosteus acideatus 9 X Cyprinodon variegaUis d': July 
8 md IJi. The earlier experiment was the most successful 
although only three eggs out of thirty-eight cleaved. These 
eggs developed normally through gastrulation and formed a 
piculiar type of elongated embryo with well formed actively 
iioving tail but strangely twisted head parts. The anterior 
-^nd of the brain was twisted under or to one side and no eyes 
were differentiated. Well defined otic vesicles appeared, how- 
ever, and the embryo was normal from there to the posterior 
end. No heart or pericardium developed. The chrornatophores 
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on both body and yolk were nuicli like those of tlie nmfei-nal 
species. The second experiment Rai e a much larger per cent 
of cleaving eggs but no embryos de^■oloped lieyond tin' middle 
germ-ring stages. 

GdsteTOsteus aculeatus 9 x Mcfudia iHryilind cvrto o\‘ Jinn 
19 and ^ Both experiments gave ossentiaKy the same result 
except that in the first a miicli larger |)(‘r cent tovei* !)() per tauit ) of 
eggs was fertilized. All developed normally througli cleavage 
and the earlier stages -of gastrulatiom A few failed to com- 
plete gastrulation but most of them closed the blastopore and 
developed into long tailed embryos whose oiilv tlefect seemed to 
be a certain vagueness of the head region. Xo ilistinct optic 
vesicles were formed but the body fi’om the ot ic vesieles l)ack- 
ward, including many clean-cut somites and well-developed 
tai^ was normal. No porieanlium oi- heart appeared. The 
chromatophores continued to difierentiate and ap[)eared to be 
purely maternal, although, without a knowledge of the char- 
acter of the paternal elements, I am iiiiabl(‘ to piiss judgment 
on this feature of the inheritance. 

Gasterosteus aculeatus 9 X Menidia wenidia Notala Juli/ 
S (once at 2 p.m. and again at 2:40 p.m.). The results of the 
two experiments were so nearly identical that only one need be 
described. Although a very large percentage of (‘ggs (d caved 
and developed normally through the early germ-ring stages 
not one succeeded in completing gastrulation. Jn nuiny, after 
the germ-ring had nearly surroimded the yolk, tlu^re was a rc- 
troat of the adv^ancing blastoderm toward the animal ])ole where 
a piling up of embryonic^ cells resulted in tlur j) rod uc lion of a 
formless embryo. The mass was alw’ays more oi- less clearly 
bilateral and somewhat larger at the antciior end. 1'h(‘r(^ was 
no indication of brain or other embryonic organs. These masses 
lived for a long time witliout undergoing any changes except in 
connection with their chromatophores, which (a)n tinned to 
differentiate until they reached almost tlie definitive stagf's. 
No trace of paternal influence was noted. 

Gasterosteus aculeatus 9 X Scomber scombus June 27. 
About 40 per cent of eggs cleaved, the majority of them normally 
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but many irregularly. After seven hours, however, all seemed 
to be equally normal. About half of the embryos stopped devel- 
oping at various stages of the gastrulation process. Fourteen 
specimens completed the closure of the blastopore and developed 
large well formed eyes, otocysts, and moving tails. Upon the 
fourth day five were seen to have established a more or less nor- 
mal circulation, four others had actively pulsating hearts without 
any blood content, and five were disintegrating after reaching 
a somewhat less advanced stage. On the sixth day one hatched 
and lived a normal and active existence for ten days in a small 
balanced aquarium. Pure-bred embryos of this species will not 
live much longer than this under similar conditions. The 
chromatophores on both head and body of the hatched larvae 
were practically pure maternal in form but the less successful 
embryos showed a more or less pronounced influence of^the 
paternal clement. 

Ga^^iemsteus aculeaius 9 X roronotus triacanthus cT-' June 
2a and 26. In the first experiment about 75 per cent of eggs 
cleaved and developed normally through cleavage. A few dis- 
integrated at the end of cleavage but the majority went through 
the gastrulation period successfully and formed ^narrow-heads.’ 
These peculiar embryos closely resemble similar individuals in 
the cross F. heteroclitus by Poronotus triacanthus. These 
embryos did not show any differentiation of the head region 
but were thoroughly normal in the body and tail regions; no 
pericardium or heart; the chromatophores never reached the 
definitive stages. The second experiment was like the first 
except that in it a few' advanced embryos appeared with small 
but well developed heads and with distinct eyes and otocysts. 
A small pericardium and a feebly beating heart, directly beneath 
the body, were noted for about a day; no circulation w-as estab- 
lished in any. 

(jasteroskiis aculeatas 9 X Stenolomus chrysops cT.' June 20, 
24 and July 8. In the first two experiments the percentage of 
eggs developing w^as rather small. Those that cleaved almost 
invariably developed to the middle germ-ring stages but did not 
succeed in establishing a well defined embryonic axis. The em- 
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bryos turned white and the yolk opaque a few liours iifttu- <lt‘\'el~ 
opment ceased. In the thirtl experiiuent the re^^ults wore quite 
different. About 60 per cent of euiu^s eleaved and althou< 2 ;h a 
large majority of the embryos died in tlie germ-ring stages or 
earlier, •three succeeded in closing the blastopore and in forming 
embryos normal in appearance cxceid that the head end seenu'd 
to show little differentiation. The ohromatophores in all of 
the embryos were quite unlike tliose of {)uro CaslcriK^teiis but 
resembled the delicately branched cells of the sen]). 

Gasterosteus nculcatus Q x Touliujolnbrus oV' 

June U and 2d, In both.exi)erimeats a large percent agt‘ ol 
the eggs cleaved and developed normally. About 20 per ctail 
completed gastrulation and eontnmed it) dioelop up tt) tbe 
stage when circulation should be establisluak but only two 
embryos succeeded in devi'lo])ing a. circulation. th(‘ others ha\- 
ing empty pulsating liearts. d'ln^ (\v('s m tin' niaji)nt\ <> u 
enLvos were large and lieavily ])igmen(ed. >ev(a-a eye npians 
and two individuals with heteromorpln.- (W(‘s wtae immd imm 
hatched, although well eared for; e^e^ ll.ose fha .-s :d,l,sh, , 
a circulation died after live .la>s. The del„-a(( y l.raiKl, 1 
cunner type of chroniotaphore was ohvious iii al 
and seemed completely to doimnate the in.ili ma -' I” ' j 

is the most pronounced case of the do.uuuuwe of (U. iutnn.,1 
characters in heterogenic hybrids. 

CROSSES wnui THIt: jqiCS ov Al'lhl^ll'> (p ADU.M t s 
This smaller species 

majority of those caught m the ,,’i,,i,;,„isl,cd 

very small males being obtained - ^ j 

from the f-talcs on accoun d U 1 b..^ 

The testes are minute and iuut- t - 

erated in order to obtain t ic spt ' ■ „ 1,1 inin. 

crE’.* mS”*.- »i 
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osteus. The process of egg stripping is rather difficult and the eggs 
burst out in a mass with a quantity of the same sort of gummy 
substance as that described for Gasterosteus. They may also 
be separated after some time, as* in Gasterosteus, It may be 
said of the eggs of Apeltes that they hybridize much less^uccess- 
fully than do those of Gasterosteus. In no case did I obtain 
a hybrid from these eggs in which a circulation was established. 
I am inclined to attribute this lack of success to the density and 
indigestibility of the yolk. This topic will be discussed in de- 
tail in a subsequent section. 

Apelien quadracus 9 X F. keteroclitus d’; June Hand July 5, 
In both cases onl}^ a small number of eggs cleaved and of these 
only three in one experiment and five in the other continued to 
develop beyond the cleavage period. The most advanced 
embryo showed the blastopore nearly closed and the outlines 
of small optic vesicles. 

Apelles quadracus 9 X Fundulus diaphanus d': July 13. 
Nearly all eggs cleaved and developed normally to the end of 
the cleavage period and then died. 

Apelles quadracus 9 X Fundulus rnajalis d: July 8. 
Nearly all of the thirty or more eggs cleaved and all but four 
proceeded to middle or late gastrulation stages. About twenty, 
after nearly closing the blastopore, formed short embryos with- 
out distinct head differentiation but with well defined though 
small tail. The pigmentation was not sufficiently advanced 
at the time of death to determine the facts about inheritance. 

Apeltes quadracus 9 X Cyprinodon variegatus d: July 7. 
The eggs were fertilized dry with macerated testis. A large 
proportion cleaved normally and seemed to be developing well 
after eight hours. All were dead and disintegrated the follow- 
ing m'orning after about twenty-two hours development. 

Apeltes quadracus 9 X Menidia heryllina cerea d: July 4 {once 
at 8:4d a.m. and again 5:20 p.m.). The results of the two exper- 
iments were quite similar except that a much larger proportion 
of the eggs developed in the second than in the first. The most 
striking characteristic of this cross is that in many cases the head 
end of the embryo develops independently of the tail end. The 
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two sometimes appear on opposite sides of the yolk with a \-a?uely 
defined sheet of embrj^onic tissue between (11^. 8). 8ofnetinies 
the axis of the tail is nearly at right angles to tliat of the head. 
This condition appears to arise througli a failure of the germ- 
ring to%emam compressed. It seems to split apart in the mid- 
body region and to undergo a process of dedilYerentiation. The 
heads end abruptly just l>ack of the otocyst and the tail begins 



Fig. 7 One of the types of liybrid embryo iruiu Apelles (pmdracus V X 
Menidia beryllina cerea c?, nine day? old. Note that the embryo is praetininy a 
trunkless head (he) with well developed eyes, heart (/») and peru-ardiuni (/;)• 
The failure to form a trunk and tail is evidently as-sociatod with llu! failuro ..f 
the germ ring (g.r,) to close. _ 

Fig. 8 Another type of hybrid embryo from the same (toss as in fiKuns i, 

showing head and tail (t) separated by a sheet of inrompleldy conereHce<l germ 

ring, composed of undifferentiated tissue (u.t.). 

abruptly at some distance from the truncated head. T}i(3 two 
parts are often on opposite sides of the yolk and at first 1 thoiiKht 
I had a peculiar type of polyembryony with one large .and one 
small embryo developing from the single blastoderm. It is 
clear now however that the two bodies are merely separated 
parts of a single individual. The head parts are much more 



540 


H. H. NEWMAN 


highly differentiated than the tail parts^ having well defined 
pigmented eyes and branched otic vesicles. Connected with 
such a head there frequently occurs a pulsating string heart. 
In some cases a truncated head develops without any tail on the 
other side of the yolk (fig. 7). Such embryos show cletrly the 
germ -ring incompletely closed. Pigment does not develop 
sufficiently to show parental characters. 

Apelles quadraeus 9 X Menidia menidia mtata if: July 8. 
.Vbout 25 per cent of the eggs cleaved and developed normally 
to early germ-ring stages. A very few showed the germ-ring 
onc-half to two-thirds around the yolk and a vague embryonic 
shiekb but none completed gastrulation stages. 

Apelles quadraeus 9 X Scornber scombrus f : June 27. About 
40 per cent of the eggs cleaved but none were developing after 
twenty-four hours, having disintegrated during or at the end 
of cleavage. The male mackerel used was rather feeble at the 
time of the experiment and this may have been responsible for 
the poor success of the embryos. 

Apelles quadraeus 9 X roronoius triacanthus f: June 30. 
About 25 i)er cent of the eggs cleaved and developed through 
the cleavage period. The majority proceeded to gastrulatc 
but none were noted in which the germ-ring was more than half- 
way around the yolk. 

Apelles quadraeus 9 X Stenolomus chrysops f: July 7. Re- 
sults practically identical with those described for the last cross. 

Apelles quadraeus 9 X Tautogolahrus adspersus f: June 
24 and 26. In the first experiment nearly all eggs cleaved and 
developed normall}' to middle germ -ring stages, but none wen t 
farther. In the second experiment several embryos almost 
completed gastrulation but in none was the blastopore com- 
pletely closed. No well-defined embryonic axis appeared in 
any case. 

A review of the data concerning crosses with the eggs of Apeltes 
shows that this species furnishes singularly unfavorable material 
for hybridization, being only a little better in this respect than 
Cyprinodon. Whether the fault is with the season during which 
the crosses were made or in the physiological condition of the 
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eggs when stripped one can not certainly dot ermine, Init I Ix^- 
lieve that the factors responsihle for the ill success in crossing 
are in no way artificial, but are correlated with some peculiarity 
of the yolk or other egg materials; for juire bred eggs devi'loped 
quite ncfrmally when handled in the sauu' way as tln‘ hybrids. 


CROSrsES wrnt Till-: I'l 


MKMDIA MKNIDIA NOl'Al'A 


For hybridization ex[)erim('n(s tlu‘ eggs of this little silver- 
side minnow are among the most available that 1 have encoun- 
tered. The fish, both males and ftauales, are very alnsndaut 
in the Eel Pond near -the la)x)ratory and s]>awn during the greater 
part of June and July. The veadily from llio foiiinli'..; 

in bunches of a hundred or more and abundant mill is ea.^il\ 
expressed from the males. The adulls live well in :unKiria 
and may be kept on hand without .showiii}; .my (h'terionition. 
in either eggs or milt for at least a week. Some of the most 
successful experiments here recorded have been imule wuh llmse 
kept for five or more days. The eggs, averaging less than 1 mm 
in diameter, are smaller than any thus far th'senbed In faet, 
they are the smallest of the sliore-laid eggs ilealt with in these 
experiments. In many rcsiiects these eggs Ksiiiilih I’ ’J- 
eggs, being of about the same sire as tl.e laller and re.sembhng 
them in the pos,session oi a single oil drop, which no doi it acts 
as a float, so that the eggs are buoyed up from (he 1"' ; 

though attached to weeds by means of long ropy threads. . 
yolk IS transparent and faintly yellow iii <-olor. ' 

‘eggs are inrmature they strip as separate units and do no ts ek 
together In the immature .stage they are eompletely i.Mn 1 

about the chorion, the eggs are ripe 

are seldom more than eight to twelve numb - 

I 
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eg? mass is produced. In nature, however, the eggs are appar- 
ently extruded one or a few at a time and attached to eel grass, 
etc., so that they float separately in the water and do not crowd 
one another. In order to obtain success in development with 
these eggs it is necessary to approximate natural conditions by 
dissecting apart the egg masses, a task of considerable difficulty 
but yielding to a little patience. If the eggs are not separated 
they show many unhealthy symptoms within twenty-four 
hours, at which time most pronounced differences in the devel- 
opment of diff.erent eggs are seen. Those on the surface may be 
in advanced gastrulation stages while those in the center show 
various cleavage stages. In contrast with pelagic eggs which 
have a rapid development, hatching in two or three days, the 
eggs of Menidia, both pure and hybrid, require nearly two weeks 
to hatch. The small active larvae live in the aquaria for only 
a few days, but hybrids usually live as well as pure bred individ- 
uals. It is a general rule among fish that the larger the egg 
the slower the development, and vice versa, but in Menidia 
we have an apparent exception for the egg is one of the smallest, 
yet the developmental period is practically as long as that of 
any species except Fundulus majalis. 

Menidia menidia notata 9 X Fundulus heteroclitus d': June 
22 and 29. The first experiment was performed without dis- 
secting apart the egg masses and, although a large per cent of 
the eggs cleaved and developed, none went farther than late 
germ-ring stages. The second experiment was much more 
successful. The egg mass was carefully dissected apart so 
that many good embryos were isolated. These were in all 
stages of development from early germ-ring conditions to those 
in which embryos had lenses, otic vesicles, somites, etc. Only 
the more advanced embryos continued to develop normally, 
although the retarded individuals gained rapidly for a while, 
only to succumb after a day or two. None that were distinctly 
retarded at the time when the egg mass was dissected apart 
succeeded in completely recovering from the unhealthy condi- 
tions encountered before their isolation from the mass. Many 
embryos succeeded in developing a normal body with a pulsating 
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heart, but established no circulation, 'rhcso retarded hybrids 
show the most pronounced ett'eots of tlie K. hetoroclitus parent, 
not only in the presence lU' tlie squarish black cliroinatophores 
on the yolk and head, but in the possession of small In it per- 
fectly obvious red chromatophores ou the yolk, a charaiUrr 
totally foreign to the maternal species, boob noticed tli(‘s<‘ 
red chromatophores in the same hybrid l)ut expressoti svMoe 
hesitation in reporting tlieir appearance, stating that tliey were 
the only paternal characters that he had noticed in ]ie(erogt'ni(* 
hybrids. On the fifth day six embryos established a cinailation. 
In three the blood was abundant and in three scarci'. The 
imens with small blood supjdy dh'd after two or more days. 1'lny 
showed scarcely any traci' of paternal charaetia-s, no r<‘d pig- 
ment occurring on tlic yolk, dbvo (anhryos hatdied. oik' in 
twelve and the other in fourteen days, or at about llu' same litm* 
as the pure bred Menidia embryos f(‘rtili/(‘d on tln^ same dale. 
These .showed no paternal characters ('\[)ect (hat there o<‘curr(‘d 
on the head a smaller number of iilaek ohromatophori's than 
is normal for Meniiiia. Being less crowded flaw sfuvad into 
a larger area, giving the im])r(‘ssion of luong larger rrlls. At 
first I wvas inclined to inter] )r(‘t these chnmiaiophores as a modi- 
fied In heteroclitus character but, wlum later the sanu' condi- 
tions appeared in hybrid.s developed from Menidia eggs ahd tbe 
sperm of Poronotus and of ( histero.steus. 1 emne to doubt the 
specificity of their inhcritimce. Mmaikbans made tliis eross 
three times but in no case did the cMiibryos (‘omph'b'ly <‘lose the 
blastopore. The most successful of his (mibryos formed g])t5e 
vesicles but got no farther, It is probabh' that a tailinv to 
dissect apart the egg inasses accounts lor his lark ol success. 
Loeb also made this cr.oss and rrdWil advanced embryos that 
showed the red chromatophoi'es of tlw paternal sjhtk's. Hus 
case he cites as an exception to the rnh^ that luderogcmc hylmds 
are pure maternal. 

Menidia menidia notala ? X Fumhilw, inajaln c?: .lune .i’' 
and July 8. In both experiments nearly all ol the clcayw . 
The egg masses were dissected apart afti-r al)out t\v(;iity-foiir 
hours, at which time there was ah(iady a considerable variation 
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in the state of development of the different embryos. On the 
sixth day eight embryos were noted to have established a cir- 
culation in one of which the vessels were so slender and the 
blood so scanty that life was maintained only for a day or two. 
The seven with normal blood supply lived and developed rapidly 
and five hatched on the fourteenth day. The two others never 
hatched but lived for several days longer. No trace of any 
paternal characters could be noted in these seven individuals 
but in some of the less successful embryos there was much less 
black pigment on body and yolk than was normal for the species. 
Since Pundulus majalis has rather d^icately branched and widely 
separated chromatophores, this hybrid character might be 
interpreted as due to a paternal inheritance factor. 

Menidia menidia notata 9 X Cyprinodon variegatus cf ; July 1 . 
Only about 10 i)er cent of eggs cleaved. After twenty-four 
hours these were all in early periblast stages. Although tffese 
embryos were dissected apart they were all found to be under- 
going disintegration on the second day, none having completed 
the closure of the blastopore. 

Menidia menidia notata 9 X Gasterosteus aculeatus July 
4 and 9. In the first experiment about 25 per cent of the eggs 
cleaved and were very earl}^ separated from the uncieaved eggs. 
The majority of the developing embryos completed gastrula- 
tion with the exception of the final closure of the blastopore. 
With the blastopore in the form of a slit-like opening a con- 
siderable number began to dedifferentiate but at least half of 
those that had entered upon the germ-ring stages successfully 
completed the closure of tiie blastopore and formed normal- 
looking embryos. On the seventh day twelve individuals had 
established a circulation, which in someyvas rather feeble owing 
to scanty blood. On the thirteenth day six hatched. The other 
six, those with an imperfect blood suppl}^, show^ed at this time 
signs of disintegration. Two of those showed a few red chroma- 
tophores in the tail region, a character quite foreign to pure 
Menidia but quite typical of Gasterosteus. This character is 
not visible in any of the hatched larvae. The black chromato- 
phores on the heads of the latter are unlike tho,se of pure Menidia 
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in that they are fewer^ larger, ami exhibit a teiui enoy to fuse. 
This difference from the pure-l)re(i embryos cannot be definitely 
attributed to a specific (histerosteus inheritance factor, for the 
same state of affairs was noted in the cross A I en id in Q X F. 
heteroclitus cf'- The difference, however, is obvious and may 
be considered as a rather general hybrid effect eoniinou to .sev(‘ral 
crosses with these eggs. The hatched larvae were not as viable 
as the pure bred, living only about half as long \inder the 
conditions. In the second experiment the eggs were carefully 
observed for only three days, at which time tliey scenied to bo 


destined to have the same ei^d result as those in the first experi- 
ment. Not having time to see the experiment through it was 

abandoned. ' 7 ;/ 

Menidia menidia nokla Q X ApcKes (imulrarus o\- June .!■ 

\ large proportion of the eggs eleav(‘d normally and were dis- 
secfed out of the egg mass. Only a \-ery few safely passed the 
germ-ring stages, the niaiority stopping l)efore llie cloanre ot 
the blastopore. Two lio\ve\’er weathered Ihe gasliulalion 
period and grew to an advanced .stage with well formed heads, 
pigmented eyes and pulsating hearts. .\,s eireiilation was not 
established in cither of these dcvelojniicnt ceased. Ihe un- 
usually dark-colored, hcavy-bodic.l paternal tyi.e of chromato- 
phore was obvious in both of flu- nmre adva.K.e,, nnbryos bnt 
none of the red ehromatnplio,-es eha.™de)-isl.c. of .\peltes we..; 

"'’.Stfdfa menidia iwiala 9 X Swmher .samdau.^: .Inh, I. 
Over 80 per cent of eggs cleaved imnnally, but :d ‘.''y-'' 
servation, about twe.nty hours later, the>' were all .'1'^''' ^ 

in late periblast stages. M e werc.e.specudiy ^ ;J' 

thrs experinmnt but were urrable to obtam any 

Memdin menidia, wtaia 9 X l>onmot„. 

SO and My 1 . Although the first expenmen t ri w e,l ,^u 
proportion of cleavages than the second, '1" ' J’' y; ■ . 

U the same result. TTre folhnvm^ t'l'e 

TaveVmtg ;;Iai ;vafdi,ssected aplrt at an early 
Se Upon the sixth day five specimens ha<l established a 
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circulation. Many others had reached advanced stages but, 
without circulation, were unable to go on. On the fourteenth 
day three hatched into normal larvae which lived for several 
days. The other two in which circulation was noted had, at 
the same time, no heart beat and were dedifferentiating. Those 
that hatched had fewer and larger black head chromatophores 
than pure bred IVIenidia larvae. This is exactly the same 
situation as that noted in connection with the hybrids from 
Menidia eggs crossed with the sperm of F. hcteroclitus and of 
Casterosteus. In the second experiment only two embryos 
established a circulation and neither of them hatched. 

Menidia menidia nokita 9 X Simolomus chrysops d".* July 
1 and 3. The first experiment went better than the second, 
although a comparatively small percentage of eggs was fertil- 
ized. One larva developed distinct lenses in the eyes, otic vesi- 
cles and many somites, but none established a heart beat'and 
all were dead on the fourth day. In the second experiment 
a much larger per cent of eggs cleaved but, although dissected 
apart and well cared for, they all ceased to develop in early 
germ-ring stages or sooner. 

Menidia jnenidia 7iotata 9 X Tautogolahrus adspersus <^: 
June 34 a7id 25. The two experiments were essentially identi- 
cal in results. In one case about 40 per cent, and in the other 
case about 60 per cent, of the eggs cleaved. These developed 
normally at varying rates for three days afid all succumbed 
during late germ-ring stages in which elongated embryonic 
axes were clearly defined. 

Menidia menidia notota 9 X Tautoga onitis : June 3. This 
experiment resulted similarly to the one just described for Tauto- 
golabrus. IMoenkhaus made this cross and says of it that ^The 
embryos were followed to the closure of. the blastopore. The 
embryos were shorter than normal.’* 

Although it has generally been supposed that Menidia eggs 
hybridize rather unsuccessfully, I have found that an increased 
measure of success is realized when the eggs are dissected apart 
from the mass in which they are stripped. I am inclined to 
believe that a number of the less successful experiments here 
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recorded could be greatly inij'iroved upon if greater rare were 
taken of the eggs and isolation of the eiubrvos were neeoiiiplishetl 
during the earlier cleavages, lu noru' of luy experinu'iits ilid 
I take the precaution of isolating llu^ ('ggs at so I'arly a pi'riod. 
A carefully conducted series of hybrid (‘xiuahueat with the 
eggs of this species would be well worth uiuhn'takiiig. 


CROSSES WITH THE KCCS OF srOMHIHI SCOMUIH S 

It was a disappointnient to us to obtain only om^ good lot <yf 
mackerel eggs. This species does not stand eoiitinement and 
it was necessary for Air. Larrabee to aceompain the labor at oi\ 
launch to the fish traps and to peiforni Ifs liyl)ridi/at ion (‘xpen- 
ment there. He had with liini the niales of only two idher spi- 
cies F. heteroclitus and Steuotoiuus ehrysops. SiA’cral otluT 
attempts were made to secure iiiaekcaad eggs, but, altliough 
some eggs were obtained, they were eitluT uiinpi^ or overdue. 
The mackerel egg is a haiidsonH^ object, charaeteri/ed •> a 
faint pinkish tinge. Like otluT pelagie ,-s >t lias one huge 
oil globule. Tlic.se eggs have a iliaiueter grealei' than lii.it ^ 
any other pelagic egg.s ivorkeil with, aie, -aging ationt U nmi. 
diameter. Pure-bred embryos of this spmes ilevelo,, v n 
finger bowls and hatch iu less than (iin-c days as norni.il a. t . 
larvae that live for several days in linger liou ls. 1 
saw to study the chroiiiatophon-s ol pure inackeu n l.i>os 
anl larvae in order to be able to judge of the 
in crosses where the inackernl is the male parent. 1 im cb. ..w 

er eonceniing the mackerel pig.nentation are Iwm 

Si he black ohromatophorcs are e.vee.eding y hm )' bran ,h 

;iirr ;:.i ...e a., u-k;;;;:*':-::;: 

Scml ^'- 9 ^ ’kdilk.l 'I'lir™ 

large number ol '**' ''"1 aillereiu vee-.d*. 'n«.*le."'«'> 
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case of the pure-bred egg. In late cleavages it was noticed that 
the blastoderm had become a little irregular in most of the 
embryos. Shortly afterward the blastoderms began to dis- 
integrate without beginning gastrulation. 

Scomber scomhrus 9 X Slenotoinus chrysops cf; June 30. 
This experiment was begun and carried through in the same 
way as the one just described. The late cleavage stages were 
somewhat less irregular and a considerable number of embryos 
entered upon the period of gastrulation and went as far as the 
middle germ-ring stages in which a well-defined embryonic 
. axis was noted. N one however completely closed the blastopore. 

It is to be hoped that more crosses with mackerel eggs will 
be made, for I do not consider the above experiments a fair test 
of their hybridizing powers. The eggs used in the experiments, 
however, must have been normal, for pure bred embryos fertilized 
at the same time from eggs taken from the same females de- 
veloped normally and hatched. 

CROSSES WITH THE ]^:CGS OE STENOTOMUS CHRYSOPS 

The eggs of the scup were obtained in good condition only 
twice but each time in great abundance. Like other pelagic 
eggs they go bad quickly unless stripped shortly after ripen- 
ing. Females caught in nets and confined overnight or kept in 
live-boxes are prevented from spawning and their eggs deterior- 
ate, Many females were secured in which the eggs though pres- 
ent in large quantities were all dead and disintegrating. The 
scup egg is among the smallest of those used in these experi- 
ments, averaging about 0.8 mm. in diameter. It is colorless 
and very transparent having one large oil drop. Embryonic 
development is rapid, the larvae hatching in less than forty- 
eight hours after fertilization. The larvae are incapable of 
living more than a day or two in finger bowls. Doubtless death 
is due to starvation and confinement. On hatching the larvae 
are very sparsely pigmented. ' Two kinds of chromatophores 
occur, one a very delicately branched black type confined to 
the body, and a roundish opaque yellow^ type occurring in definite 
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places about the body, one \)i\\v in fi'ont of and one pair behind 
the eyes; a third pair behind the oiie vesieles and a number of 
less regularly arranged ]>airs on i)ody and taib Success in 
rearing pelagic egg hybrids depraids on the care ^Yith ^Yhich 
the living eggs are kept free Innn the decaying ones. It is my 
custom to skim off all the eggs found iloating at the surf:u‘e ami 
to transfer them to fresh water. This, if done several times a 
day, gives very satisfactory ro.'^ults, for by this method 1 have 
been able to rear to hatching hybrids from scup eggs ciwsed with 
sperm of almost all of the species tried. 



Fig. 9 Hump-backed, double-failed hybrid lai'V;i past liatclu'ii at (bree d;iysi 
from Stenotomus chrysops 9 X Funduhi.s heteniclifus o’. 'Hie heart, ih) was 
beating vigorously, and split tail U.t.) was used \ igr.r<)iisly in sunninmg. 


SienoiSmus chrysops 9 X Funduhis heicroclitus dune 
and July L In the first experiment about ‘25 ])er cent <4 the 
eggs cleaved. A large proportion ceased to devtdop during gas- 
. trulation stages. After twenty-four hour.s about forty living 
embryos were skimmed off and were well cared for. .Vmong 
the embryos that were living at this time there occurred a num- 
ber of well defined abiionnal tyiies including cyclo|)iaiis and 
individuals showing spinal bifida. .Vfter for(y-six hours about 
twenty-five embryos wore .still living. -V majority of t lese ap- 
peared to be abnormal, but in ten the heart was 
a circulation established. .Vt fifty-two hours two had 1 a1 i d 
and were swimming about. These, although y >lt.yy'"y J 
were hump-backed and one hail a dindile tai flig. ' ' 
were found dead after three hours. This result was <1< i hd y 
in contrast with the control, in winch very large numbers of 
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perfectly normal lar\^ae were produced. The second experi- 
ment gave results exactly like those just described, except that 
fewer eggs reached advanced stages. Six larvae hatched and 
were quite normal, li\dng for at least twenty-four hours after 
hatching. I have been unable to note any Fundulus influence 
in this cross; it seems to be pure maternal in character. 

Stmotomu,^ chrysops 9 X Fundulus ma jails cf.' June 26. 

About 50 per cent of the eggs clea\'ed normally but the great 

majority of these succumbed during early gastrulation periods. 
The few that survived this period developed for forty-eight 
hours, forgoing advanced larvae with the head parts well differ- 
entiated but with rudimentary tails; none established circulation, 

Slenotomus chrysops 9 X Apelies quadracus c^: June 26. 

About 10 [)er cent of the eggs cleaved, nearly half of which 

stopf)ed at the end of the cleavage period. The others com- 
pleted gastrulation and developed into embryos with optic 
cups and rather vague lenses and a number of indefinite 
somites. After about thirty hours all embryos appeared to be 
disintegrating. 

Slmotovms chrysops 9 X Menidia Vienidia notata d": June 26. 
This experiment resulted almost exactly like that described 
above for the F. majalis hybrid, 

Stenotomus chrysops 9 X Scomber scomhrus d : J uly 1 . Over 
80 per cent of eggs cleaved and developed normally through 
the cleavage period. After twenty-five hours an unusually 
large proportion of the embryos were alive and developing. 
Many of these showed the green chromatophore characteristic 
of the mackerel. As many as thirty hatched but only a few were 
normal in appearance. Others exhibited various deformities 
of body and tail. (Conspicuous among the latter was a coiled- 
tail defect; all of those that hatched died in a few hours. 

Sienoimnus chrysops 9 X Poronotus triacanikiis d: June 6 
and July 1. In the first experiment ncarh' 100 per cent of 
eggs cleaved and none showed evidences of polyspermy. After 
twenty-two hours only \^ery few were ali^^e and floating on the 
surface. Tliese were in later gerni-ring stages or with the blas- 
topore just clo.sed and the embryo developing optic vesicles. At 



DEVELOPMEN'T AM) HEHKDITV IX HVHRIDS 


r>5i 

forty-six hours only two wevo still alive: tliese seenied to i )0 far 
enough along to hatch but showed no circulation; both died 
without hatching. In the second (‘\[)oriinei\t about 10 per cent 
of eggs cleaved normally and of these the luajority eutia-ed upon 
the gastrulation period. After forty-eiglit hours ])el\veen forty 
and fifty embryos had established a (dreulatiou. At sixty-tive 
hours over twenty individuals had hatelicd and were for tin* 
most part alive and active, A feu erooked-bodied imlividuals 
had hatched but were dead or dying when (irst seen, 'the 
hatched embryos seemed to be exactly like tiu* jin re seup larvae 
except that they hatelicd with a larger amount ol undig{'st('d 
volk. Many of these larva(‘ were alive after two days, which 
is as long as pure bred larvae will live mider the sanu* eondition.'^. 

Stenotomus chnjsop^ 9 X (hlspt rsu.'^ S-: 

Nearly 100 per cent of eggs fertilized, lum ('ompared with the 
control five hours after fertilization there w.as a very j)ronounee<l 
difference in the stage of dcvelopnnent, ther(‘ being almost twice 
as many cells in the pure as in tlu' hy!)rid embryos. After 
twenty-two hours about (K) per cent of tlie (anbryos had di(al. 
After thirty hours a very few embryos wcn‘ skimimxl olf and 
examined. These had a])parentlv reached their maximum di‘- 
velopment. None of tliem had successfully (dosi'd tlie idasto- 
pore although considerable embryonic devrloi)mcnt had taken 
place. Well detiiiod optic vesi(d(‘s and a few somites wen' [uvs- 
. eiit, but the germ-ring, instead of ('losing to lorm the. bla.slo))on', 
ha(i undergone a looping process (putc difb'n'ut from anything 
observed in any other cross. 


CROSSES WITH Tilt: ()l< T,\l T<Hi()L.\imi S ADSl^KltSfS 

The results of these ex])criments are \'ery simdar to those, witl) 
scup eggs. The average size of the cunner ('gg is a little givalei 
than that of the scup, being about 1 nun. in .ha.uctcr As m 
the scup, the eggs deteriorate c,uickly if the lisl> arc kept ,n the 
laboratory. The incubation period \ ancs with t he t ('ni|>ei at wi., 
from two to three -lays. The larvae <lo not lo'c well m huger 

bowls. 
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Tautogolabrus adspersus 9 X Fundulus keteroclitvs d: June 
1/f. and July S. In both experiments large numbers of eggs 
cleaved and development was normal through the cleavage 
period and during the early stages of gastnilation. None, how- 
ever, succeeded in completing gastrulaftion although embryos 
with optic vesicles were not uncommon. Moenkhaus made this 
cross but once and followed it only to the sixteen-cell stage. 
Miss Morris claims to have reared this cross for twenty-four 
hours, but does not mention the degree of development attained. 



Fig. 10 Hatched hybrid larva from Tautolabrus adspersus 9 X Fundulus 
majalis cT. Note the partially spiral tail found commonly in hybrid larvae; 
the sinus venosiis on the yolk (s.r.) was well filled with blood and the circulation 
was good. 


Tautogolabrus adspersus 9 X Fundulus majalis June 25. 
About 30 per cent of eggs cleaved normally, a majority of which 
developed through the gastrulation stages and formed advanced 
embryos. Eight individuals established a circulation. On 
the third day two hatched both of which were abnormal in ap- 
pearance with twisted tails and median fins oddly notched 
and wrinkled (fig. 10). They lived for only a few hours and 
showed no distinct evidences of paternal inheritance factors. 

Tautogolabrus adspersus 9 X Apelfes quadracus d'- June 25. 
Only about 5 per cent of the eggs cleaved but nearly all of these 
developed well through the gastrulation period and twelve estab- 
lished a circulation. Of these eight hatched, all being more 
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or less abnormal. One that seemed most nearly normal dilTored 
from the pure cunner in the possession of a much shorter tail, 
a larger yolk sac, and a rather pronounced lack of pigment. 
This is the opposite of what one might expect, as Apelles (piad- 
racus is the most heavily pigmented of the sj)eeies used. 

Tautogolahrus adspersKs 9 X MenuiUi inenidia notuiu o’: 
July 3, About 80 per cent of the eggs cleaved and neai-ly all 
began the process of gastrulation, but none succeeded in clos- 
ing the blastopore. All stages in germ-riiJg formation wen; 
noted. Some of the embryos showed a eon.sideral)le amount of 
head differentiation, brain vesicles and o])tie vesicles being (lis- 
tinctly defined. In all the more advamaxl om))ryos tin* blastopore 
was oval or slit-like in form. 



Fig. 11 The nearly nornuil, hat (')u-(l larva fniiii Tautolabrus atlsperr^us V 

Apelte.s qiiadracus d"; the body is soniewliaf shorter limn ui pure hn-d onnnt'v 
larvae. 

Tautogolahrus adspersus X Menidta beryllinii itrca &■ 
July 3. About 50 per cent of the eggs clcavod, some ([Uito iri'cs- 
ularly due probably to polyspermy. A larftc number entcra<l 
upon the gastrulation period. About twmity .succeeded in 
closing the blastopore. After three days ten or more were 
still alive and appeared to be ready to hatch. None, however, 
succeeded in hatching pi'obably on account of lack of vitality. 
Careful examination showed various rather pronounced abnor- 
malities in these specimens. In a number of them tie non 
chord was badly distorted and twisted and the brain vesicles 
were bent and asymmetrical. In many the soind,es weie, i 
defined. Although a circulation had been established at an 
earlier period the heart had ceased to beat when tins la.st obsei- 
vation was made. 
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Tantogolahrus adspersus 9 X Foronotus triacanthus d': July S, 
About 30 per cent of the eggs cleaved. Only a few individuals 
weathered the gastrulation period. Eight established a cir- 
culation and .six hatched as normal active larvae that showed 
practically pure maternal characters and lived for from one to 
four days. 

TaidoijolahruH adspersm 9 X Morone americana cf; June 25. 
About 25 per cent of eggs cleaved normally of which a large 
proportion completed gastrulation and fourteen established 
a circulation. Four hatched, one of which lived for a day or 
(wo, the others dying in about three hours. Xo data on inheri- 
tance taken. 

TaulogidahruH (liL^persus 9 X Stenotomus chrysops d: July 4. 
About 80 per cent of eggs cleaved. About 200 passed the period 
of gastrulation and formed advanced pigmented embryos. It 
was ex])ected that a very large proportion of these embryos would 
hatch hut only about forty did so. The majority of these em- 
bryos were normal but others were twisted and deformed in 
various ways. Among the embryos that failed to hatch but 
wei'c li\ung on the third day Avere noted examples of most of the 
Avcll knoAvn types of monsters, including cases of cyclopia, hetero- 
phthalmia, imiophthalmia, anophthalmia, dicephalia, spina bi- 
fida, microcauda and many other deformities. A great many 
specimens were found that had partially hatched, a tail being 
thrust out of the egg membmne but the body being still enclosed. 
Any one interested iiA the stud}^ of monsters Avould find this 
cross excellent material for investigation. 

(;uos8]<;s wrjui ruv: ok tautocja oxrris 

Tlie Tautog egg is, so far as size and appearance go, identical 
Avith that of the cunner but in ability to hybridize it differs 
very materially from the latter. Although the eggs used were 
oAudently in good condition, as evidenced by the fact that the 
pure bred laiA^ae hatched in large numbers, none of the crosses 
succeeded in completing 'the process of gastrulation. All the 
crosses Avere made from the eggs of one large female and gave 
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practically identical results in each case. follow in,*' species 

were used as sperm parents; Taiitoga onitis, Fmuiulus hctcrocli- 
tus, Menidia menidia not at a, Poronotus triacanthus, and 'I’am 
togolabriis adspersus. Whether or not the eggs of the Tantog 
are always as unsuccessful in crossing rt* mains to he setn. We 
were unable to obtain good eggs nf tliis s[)eeies a se(*ond time. 
Moenkhaus describes a cro.ss between 'i'autoga unit is ami MenU 
dia menidia notata in which all embryos di(‘d Indore or during 
germ-ring stages. In some the germ-ring had spread about 
two-thirds over the yolk. 


ntserssK^N OF dyi'a 


Success in developineifl (utd sysivntalic irlaliofiship 

A survey of the result. s of these crossi's shows that a large per- 
centage of even the most heterogenic hybrid strains produce 
embryos with circulation and that a sonnuvhat smallei' per- 
centage give rise to active frce-swimmiiig larvae. A list of those 
crosses in which a circulation was established or larvju^ hateh(‘d 
will be useful for reference (table 2). Of these crosses tlnrtcrn 
are between two different orders, four between dilb'n’nt sub- 
orders of Acanthopterygii, and one between two families (d the 
sub-order Rhegnopteri. This is the first time that lieteiog(‘ni» 
Teleost hybrids have been reared to hatcliing. I am unable to 
offer an explanation of the failure of otlna* workta’s to g(d similar 
results, but I am convinced that even better results can be 
obtained by any one who will take reaso]ial)ly good care of the. 
embryos. There appears to be no reason to doubt that (at- 
tain of the hybrid larvae could be r(’ared in arpiaria and, i 
properly cared for and fed in orthodox fasliion, (earned on to 
maturity. The data hero given seem to turmsh a distimd argu- 
ment against the idea that success in development of hybru s 
is correlated with the nearness of relationslni> of the/spccics used. 
Particularly does this idea fail when it is recalled that a consider- 
able number of homogenic crosses exhibit much 
in developing advanced embryos than many of these mast ji . . 
genic strains. Further light may be thrown upon this point 
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TABLE 2 


SHKCIES CROSSED 


/Fundulus heteroclitus 9 
iMenedia beryllma cerea cT., 
/ Fundulus heteroclitus 9 — 
i Menidia menidia notatacf’. • . 

jFunduIus heteroclitus 9 

i Scomber scornbrus cT 

jFundulus heteroclitus 9 
! Tautogolabrus adspcrsus d' , 
fGasterosteus aculeatus 9 

\ Scomber scombrus d 

J Casterosteus aculeatus 9 . . . 
: I'autogolabnis adspcrsus 
j Menidia menidia not ata 9 . 

Fundulus majalis o' 
j Menidia menidia notata 9 
1 Gasterosteus aculeatus cf . 
|Menidia menidia notata 9 ■ 
i Poronolus triacantlms d .. . 
j Stenotomus chrysops 9 • . 

1 Fundulus iieteroclitus cf. • . . 

J Stenotomus chrysops 9 

i Scomber scombrus d 

|Stcnotomus chrysops 9 

Poronolus triacanthus d 

I Tautogolabrus adspersus 9 . 

Fundulus majalis cf 

/Tautogolabrus adspersus 9 . 

\Apeltcs quadracus cf 

i Tautogolabrus adspersus 9 . 
1 Poronotus triacanthus cf . . . 
J Tautogolabrus adspersus 9 

\Morone americana cf 

fTautogolabrus adspersus 9 • 
(Stenotomus chrysops d — 


CIBCUI.ATIOy 

established 

IN 


3 

5 

0 

1 

5 

2 

8 

12 

5 

10 

50 

40 


12 


14 


100 


NClfBEB HATCaiD 


5 

lived 3 weeks 

1 

lived 3 weeks 
1 

1 

lived 10 days 


I ^ 

6 

3 

i lived several days 
' 2 

died in a few hours 
i 25 

i lived from 2-12 hours 
20 

lived about 2 days 
2 

' lived only few hours 
i 8 

' lived 2 days 
6 

j lived 1-2 days 

A 

lived 2 4 hours 
about 40 
lived 2-24 hours 


by an examination of a long list of unsuccessful heterogenic 
crosses, those tliat did not survive beyond the germ -ring stages. 
In table 3 appears the list of these crosses, given in the order in 
which they appear in the descriptive part of the paper. One^ 
should^ however, especially note the fact that in all these crosses, 
excepx that between Fundulus heteroclitus 9 X Tautoga onitis 
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£Q(i PaREST 

Fundulus heteroclitus 

Fundulus diaphaiius 

Fuadulus majalis 

Cyprinodon variegatus. . 

Gasterosteus aculeatus . 

Apeltes quadracus 

Menidia menidia notata 

Scomber scombrus 

Tautogolabrus a<lspLM\sus 

Tautoga onitis 


Hl'KHU I'MlKNr 

^ Moronc aiiuTirana 
frautuga onitis 
I I’oronotus triacauthus 
Stt'iuUonuis (‘hrysops 
;^'t'autogulal)rus ads|)crs\is 
Apelti'S (piadraoiis 
[ ApolU's quadracus 
; Mniiilia nicnidia nofata 
•; Scoinbcr scoiiibnis 
‘ Stcnolonuis I'lirysops 
I I'autoga onitis 
Fundulus diaphanus 
j I'lindulus dia])l)anus 
I Gyprinodon variegatus 
•] Menidia menidia notata 
I Poi'onotiis triaeantlius 
[Stenotonius cliryaops 
I Cyprinoilon variegat\Js 
[ScumbcT scombrus 
j Fundidus lictcroclitus 
i^St<’notonius cbrysojjs 
Menidia ijK'nidia notata 
f Fundulus heteroclitus 
j Mtaddia iiuaudia notata 
j Mi'iiidia bcryllina i‘cr(>a 
I Fonmolus Iriaeanllins 


, onty one experitnent was earriod out. It is hi^fily probably 
^ that had several experiments been made with caclt cross some 
of those listed here would have to he ti'ansferred to table 2, 
but, making due allowance for the likelihood that a consideral)le 
number of these crosses would result in morc^ advanced sbiges 
if repeated a number of times, it is likely that a vany larger resi- 
due of unsuccessful crosses would remain. Oi Ihestj least .suc' 
cessful crosses here listed twenty are bet\vx‘en diiTei’tmt ordi'rs, 
four between different sub-orders of Acanthoptcrygii, and two 
between different families of the same sub-order, 'these pro- 
portions do not differ materially from those that held for the 
most successful crosses. In other words, it would atipetr that 
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among heterogenic crosses success in development is not corre- 
lated with the nearness in relationship of the two species used, 
f’veii whom we consider honiogenic crosses it is found that cer- 
tain hybrid types, as for example those between Cypjinodon 
and the various Fund ulus species (Newman ’14), are decidedly 
unsuccessful. "Flu'se two genera, nevertheless, are closely allied 
members of the same family, the Poeciliidae. I was never able 
to get any of these crosses to develop beyond gastrulatiom 
l^'ui-thermore, it is not even always true that crosses between 
two si)ecies of tlie same genus develop as successfully as do some 
of the most heterogenic crosses. It is well known, for example, 
that when the eggs of Fund ulus majalis are fertilized by the 
sperm of F. heterocUtus or F. diaphanus, no embryos hatch 
and many of them fall far short of this stage. Contrast this 
situation with the fact that so many crosses between distinct 
orders give a fair number of viable larvae and large numbers of 
advanced embryos and it will become evident that we must look 
to some other factors than those involved in systematic relation- 
ships for an explanation of the varying degree of success in the 
development of hybrid embryos. 

Factors governing success in develop mejit of ieleosi hybrids 

Among the most striking general facts that arise out of the 
data given above arc: that the eggs of some species never hy- 
bridize well, while those of others appear to have a high capacity 
for crossing with almost any other species. The eggs of F. 
majalis, for example, develop poorly ovtii when fertilized with 
the sperm of a closely allied species of the same genus, for 1 
have never seen a hybrid larva hatch from the egg of this species. 
A glanc^ at the otlier crosses with F. majalis eggs shows that none 
of the heterogenic hybrids e\xm develop a circulation. In fact 
most of these hybrids ceased to develop in the germ-ring stages. 
In other papers (Newman 'OS, T4) the ill success of majalis egg 
hybrids was attributed to the large size of the egg and the in- 
digest^ility of the yolk. There is apparently something about 
the yolk of this egg that renders it difficult material for hybrid 
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embryos to break down. It evidently diirpsts slowly even in 
pure-bred embryos for it reipiires tliret^ weeks or more for tlunn 
to hatch. I\o success was obtaiiieil with heterojrenie hvbrids 
from the eggs of F. diaphaiius. Siiu'e, howe\'er, I liad so few 
eggs and made only one experinuMit on ea(‘h of the few crosses 
tried, I do not care to lay niudi stress upon llie results heiv 
recorded, I am convinced, liow('vei\ that even uiuha- the h(‘si 
conditions it will be found that this speci('s hyhridizi^s nuieh 
less successfully than its nearest lelativi' lb heteroelitns. (‘y- 
prinodon seems to furnish anoflu'r e\ainpl(‘ of a spe(‘ies the 
of which cross badly with even its elost'st relatives. I hav(‘ uiHcr 
observed an advanced hybrid embryo derivial from a. ( 'yprinodon 
egg although these eggs fertilize and eleavi' normally for a eon 
.siderable time. The eggs of Apelt(s giv(' results that remind 
one strongly of those obtaiiH'd with tlu' eggs of lb inajalis, for 
they cross poorly even with tlie .most closid}’ r(‘lal(Hl s])ecies. 
(aasterosteus, and in heterogenic crosses they never go lH‘yojid 
an early embryonic stage. These eggs are of tlu' same size and 
are laid in the same way as those of ( lasterostinis yet lliere, is ;i 
very marked difference in the developiiumtal success of thesi^ 
two species of Gasterosteidae. Tlu’ oidy notal)le dillenmec' 
between the eggs of those two species is in llu' c()lor of (In' yolk, 
that of Apelt.es being brownish amlxn* and (hat of (I.ast(‘n)strMis 
being a much lighter yellow. The <‘oh)r diffcn'ncc is doubtless 
associated with density as well as witli clieinii’al (‘oinfiositimn 
The darker, more opaque, yolk of ApiTes is evidently hard<*i‘ 

' to digest than the lighter more transpanaii yolk (if ( »ast(‘rosteus 
and is therefore less favorable material for liybiiil (levelopunnit. 

Although some pelagic eggs such as tliosi' of the scup and 
cuniier hybridize very successfully, others, as tfiosii ot I fie lau- 
tog and the mackerel have poor siu'cess. I would not be will- 
ing, however, to go on reconl as pretlFting I fiat t fie (|(‘grfM' ot 
success de.scribed represents tlio maximum (jf success obtainable 
with the^ crosses, for only one lot of good f-ggs of each of tfm last 
two species was obtained. Tt cannot then b(‘ .said that mi'ie 
egg size is a controlling factor in determining the success of 
development in hj^brid.s, although in general it si'eins to lie true 
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that small eggs with little yolk hybridize better than large eggs 
with voluminous yolk. The three species that hybridize with 
the largest degree of success have small eggs: those of Tautogola' 
brus, >Stenotomus and Alenidia. Of these the first two are 
pelagic and the last is a type laid on or near the bottom. The 
(.’ggs of Alenidia would, I am convinced, hybridize very much 
more successfully if they could be scattered when they are 
stripped instead (jf being bunched into dense masses. This 
tendency to form egg aggregates is a mere mechanical factor 
which has nothing to do witii the hybridizing capacity of the 
sf)ecu‘s, 3'et may v(?ry materially affect the results. I am in- 
clined to believe that, making diu; allowance for this mechanical 
hindrance, the eggs of Alenidia cross more successfully than those 
of any others species hei'e dealt with, (,'onsidering the rather 
large size of the eggs of Phindulus heteroclitus and the fact that 
they, like tliose of Alenidia, have a tendency to adhere in bunches, 
these eggs hybridi/(‘ with rather marked succe.ss. For crosses 
produced respectively with the sperm of Alenidia beryllina 
cerca, Alenidia menidia notata, Scomber scombrus, and Tau- 
togolabrus a<lspersus, give embryos in which the circulation is 
(‘stablishcd and, with the exception of the first cross, produce 
larvae. Only one out of ele\'en heterogenic crosses with the 
eggs of this species failed to de\^eIop fairly advanced embryos. 
F. heteroclitus eggs are well known to be extraordinarily hardy, 
thriving even under the most adverse conditions. Normal 
larvae have been known to exist even in the foulest sea-water 
and to thrive in fresh as well as in brackish water. It is prob- 
ably in consequence of the liardiness of those eggs that hybrid 
larvae derived from them develop so well and reach such ad- 
vanced stages; for a robust egg could conceivably overcome the 
difliculties involved in inharmonious germ plasms In view of 
these facts the conclusion seems to be justified that the chief 
factors making for success or failure in hybrid development are 
associated with certain specific characlers in. the egg, of whiej^ amount, 
composition and density of yolk, hardiness or delicacy, and certain 
fnechanical advantages or disadvantages, play a leading role. 
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^ii6r6 S/FG C6rt 3/ill iiidiciitions 3 1 so (hut sonic spt'cics of 
sperm are better adapted to hyln-idizatioii than others. 'I'lie 
sperm of F. lieteroclitus, for example, as well as tliat of both 
species of ]\Ieiiidia and of Poronotus oive a imieli better set of 
hybrids than does that of Sttmotonius, t)f ( 'v[iriiioilon or of 
Tautoga. This difierence is in)t correlated with the amount of 
milt or with the freedom with whieli it may he stri])ped. Tluav 
must be then some specitie pe(‘uliarity that renders e(‘rtain sperm 
good for hybridization and others bad. Ih^ssibly the size of 
the sperm head may be a faetoi' but there an* no data on this 
point. One of the res[)ccts in whi(‘h Teleosts differ most wid(»ly 
is in the rate of development. Some species d(*velop to hatch- 
ing in two days and others require thn'(* waa'ks or more. One 
would be inclined to expect a priori that when two spe(‘ies witli 
the same developmental rat(* are cross{'d W(' would obt.ain a 
more harmonious end result than wlnai two sprci(*s wit li a very 
different rate arc used. This is (rue, linw(*ver. only to a \a‘ry 
limited extent. The various s|u‘(“ies of pt'Iagic eggs which hatch 
in two or three days uinpnvstiouablx^ hybridize togc'fln*!* with 
more general success tfnm do fh(*se s[aM‘i(*s when crossc'd witli 
forms that have a slow develo])mentaI ihytlim. Ihit Ihc'iv* arc* 
cases which seem to form an exception to this riih*. Mc'uidia 
eggs, for example, although rcajuiihig two w('(‘ks for devc*! op- 
ulent, hybridize well with Poi-oiiotus. which lialches in about 
two days; Fundulus lieteroclitus hatching in two ^vcc*ks crosses 
successfully ivith Scomber sccimbiiis which hatches in two to 
three days. Again, tlie c‘ggs of Scombei' scombi us i fiat thing in 
two to three days) do not develo[> bc*vouc{ the germ-ring stages 
when crossed with Stenotomns which has the* same* dc'vc'lo])- 
mental rhythm. On the othei' hancl, l undiilus h('l(*rc)»htus 
and Menidia menidia notata, both ol wfiicli have about the same 
developmental 'period (ajiproximately two wca'ksj, iirodnec^ 
viable larvae from both reciiirocal crosses although th(*y repre*- 
.sent tw'o distinct orders, ' 

We may conclude then that in hybrid demdopmanl is 

not corrcl(iled> with neurnesa of r(dotion^shi p but niik (rrlaifi ^ipoafu 
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characters of the germ cells, especially of the eggs, of which yolk 
composition is probably the most important and rale of development 
of secondary significance. 

Factors governing the differences in s^lccess of reciprocal crosses 

It has been noted by many writers that reciprocal crosses differ 
not only in success of development but also in rate of develop- 
ment and in inheritance. The extensive array of reciprocal 
crosses here described furnishes material of importance for the 
solution of the problems involved in this situation. In table 4 
are listed all the heterogenic crosses that are reciprocal. A 

TABLE 1 

.shkrm parent 

Moniclia menidia notata 
(jasterosteus aculeatus 
Apeltes qiiadracus 
Stenotomns chrysops 
Scomber scombrua 
Tautogolabrus adspersus 
Tautoga onitis 
MoBidia menidia notata 
Apeltcs quadraeus 
Menidia menidia notata 
Stenotoinus chrysops 
Menidia menidia notata 
Gastcrosteus aculeatus 
Apeltes qnadracus 
Menidia menidia notata 
Tautogolabrus adspersus 
]\[cnidia menidia notata 
Stcnotoriius chrysops 

Menidia menidia notata ; Stenotomus chrysops 


VMV, P VftliM 


Fundulus hcteroclitus. 


Fundulus diapbanus.. 
Funduhis majalis 


Cyprinodon variogatus,. 

Gasterosteus aculeatus. 
Apeltus qnadracus 


review of these crosses shows that there is not abyays a marked 
difference in success of reciprocals. For example, Fundulus 
heteroclitus and Menidia menidia notata cross cqually*well both 
ways. The same is true for the last cross listed, Stenotomus 
by Tautogolabrus. Certain other reciprocals go badly both 
ways, as for example F. heteroclitus by Tautoga and Cyprino- 
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don by Apeltcs. Certain otlior^ ji:o inodoratoly well hotii ways 
as F. heteroclitus by Casterosteus nnd l\ heteroelitus by Apel- 
tes. The majority of these crosses show a marked dilTereriee in 
the developmental success of reciprocals. All the cross(‘s in- 
volved with Fimdulus inajalis were less successful when (he 
egg of this species was used than wlum V. niajalis was tlui male 
parent. The same was true also for ( yprinodon which gives 
exceedingly poor results when its (ws are usetl but makes a 
number of successful conil)inatioiis when its spi'rni is employed. 
The reverse is in general true for Stenoinmiis whi(*li gi\'es [)etter 
results when used as the egg j^iriMit than as the sperm j)ar<‘nl. 

Thus we are led to the inevitable eonelusion that this dilTiT- 
ence between reciprocals is dependent upon lh(‘ general liybrid- 
izing capacities, irrespecti\'e of syst<anali(‘ ivlationshit), of the 
two types of parental gei'in cells used. WIkui for <>xaiu])l(^ two 
species are crossed, the egg of one of which liad a high and the 
other a low capacity for hybridi/ang, \\c (‘xpcct (lu^ hybrul Irom 
the better egg to develop more succ(N,sfully tlian (hat from (he 
poorer egg. A concrete case is furnislu'd by the cross 
Fundulus majalis with a large egg that has a. hnv hybridi/ang 
capacity, and Alenidia a species with a small ('gg ol marked 
hybridizing capacity. The result is that tlu' I', majali:^ egg hy- 
brid ceases to develop in ge^-m-ring stages, white the Mcnidia 
‘hybrid produces a number ol viable l:u’vae. As ira.s ft/and 
to be true for crosiie^ in (general, the undcrhifiKj cause Jur differ- 
e2iccs in developmental surcesH of raipmcal rmssrs has As scat m 
the nature and amount of (he yoU aitd has nolhfUfj to do with fh. 
relationship. 

hiheritance in helerofietnc hybrids 

In a recent paper Loeb (’12), after a study of a few 'releosl 
crosses derived chiefly from the egg of Fundulus lieleroclitus, 
comes to the conclusion: “that the formation of the eml)ryo is 
purely a matter of the egg and that the main function of the 
spermatoimdn is the eausation of the de.velopment of. the egg. 
If we may express this statement in the form of a paradox we 
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may say that fertilization is primarily and essentialy artifi- 
cial parthenogenesis/’ This radical conclusion was reached 
as the result of observations on the inheritance of chromato- 
phores in heterogenic hybrids. In all the hybrids made with 
the eggs of Fundulus heteroclitus Loeb sees only the maternal 
types of chroma tophore. This species has two types of these 
pigment cells, black and red, and these occur on both body and 
yolk. Now black chromatophores are common to all Teleost 
embryos, and red cells occur in a number of the species that 
1 have dealt with. The specilic difTerences lie in peculiarities 
of branching, in tendencies to fuse or to remain separate and 
in other minor characters. One has to become very familiar 
with the specific peculiarities of these chromatophores in order 
to be able to judge of their inheritance. Each type has its own 
developmental history and each is much more generalized (less 
specilic) in form during the early stages than after it has 
reached the definitive condition. The definitive black chroma- 
tophores of F. heteroclitus are large polygonal bodies unlike 
those of any other species observed. They exhibit only a slight 
tendency to branch and a strong tendency to fuse in groups. 
( 'hromatophores with long slender branches are totally foreign 
to the healthy F. heteroclitus embryo. Branching, however, 
may be induced experimentally by adding a small amount of 
Na( -N to the sea water as was shown by Loeb. Although it 
must be admitted that chromatophores can be made to branch 
under the influence of certain chemicals I have never noted this 
condition in even the unhealthy pure-bred larvae reared under 
laboratory conditions. Consequent^, when in certain hybrid 
embryos a well defined type of branching chromatophore appears 
either to the exclusion of the polygonal type or side by side with 
the latter, its occurrence cannot be adequately explained as the 
result of ill health in the embryo due to deleterious effect of for- 
eign germ plasm. In many ways the chromatophores would 
seem to furnish unsatisfactory material for the study of paternal 
and maternal inheritance, because these structures are so vari- 
able in habit. One must therefore rely for a demonstration 
of paternal influence upon certain cases that are beyond the range 
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of contro\ ersy. The soiuo of tho 

crosses in which there is ])usitiv(' proof of the forciu;u spermato- 
zoon playing a role in heredity. The ease of Metiidia iiienidia 
notata 9 X Funduliis iteteroelitus o" was cited by boel) as 
follows : 

While it is the rule that in tlu' ( :i^o et lu'tt'rogeneous hvhiidizalien 
heredity is purely maternal it is possibly not without (‘xcepti.m. I 
have, however, thus far found only dik' paternal eharaeteristie that is 
possibly transmitted to a hetro^a'nc'ous hvlirid. 'Flu' yolk siie of loin 
ulus hcteroclitus forms branelied ivd \-liroinatophores whi<‘h are 
not found on the yolk of Miuiidia. In two fertilized l)y the sperm 
of Fundulus heteroclictus a few real elumnatophoivs were observed. 
It is difficult to get this cross and I this (iliservation with some 
hesitancy. 

I have obtained this cro.'^s sever<ai tin ns and could lia\e made 
it as often as 1 wished, for tho two sju-ries spawning f hrougli 
most of June and July and hybridized widl togellier. I arn 
able to confirm Loeb s ol)servaii()M of i’(‘d ehromatoplmn^s on 
the yolk of the Mt^nidia, egg hybrid, ddnyv occur in nuiny mu- 
bryos that reach a moderately adv:m(*ed condition Imt sivm 
to be lacking in the most successful eml)ryos, whiidi ar(‘ nearly 
pure maternal. Perhaps the best cross to show patiu-ual luuaMlily 
is that resulting from F. hcteroclitus 9 X Scaimber scoml^rus o\ 
These two species have chromatoiilmres of as distinct and opposilc 
tyT^es as possible. Tho blacks and rods of K. li(*li‘roclilus have 
been described. The mackorol has a black typo of ('xlronu' 
delicacy with scarcely any body tf) tlu' (’('11 and with many 
slender branches, and a liighly chtiractcuistic and (piiti' uuirpK' 
green type. Xow in imiiiy of tlu^ modcu’titoly succc'ssful h vl)rid 
embryos, chromatophorc's. of (lie s(juarisli soil o}iaracf(‘risli(’ 
of F. heteroclitus, lie side liy sidi' with those of llu' liiudy 
branching type characteristic oi the maek(U‘(‘l. In other hylirids 
the body of certain chroniatophoia's may b(‘ of llu' puin' hetcu'o- 
elitus type but this body may give off one or more long branclu's 
of the delicate sort characteristic of the mackerd Loeblie- 
lieves that the modified chromatophores of het(U‘og(unc ['iimluhis 
egg hybrids are due to lack of oxygt'ii, but it is hardly likely that 
the oxygen conditions are so different for two adjacent cells as 
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to make one assume the finely branching form and leave the 
other unchanged. 

We must conclude then that the condition here presented is to 
be interpreted as a mosaic of paternal and maternal inheritance 
units. No more remarkable example of paternal influence in 
heterogenic# crosses could be asked for than that seen in connec- 
tion with the green and the red chromatophores of the two species 
in question. It cm em boring that the green type never occurs in 
F. het(Toclitus and that the red type always occurs in this species^ 
it is startling to find in a considerable number of the hybrids 
from J^\ heterdclitus 9 and Scomber scombrus d' unmistakable 
green chromatophores, and in others a total lack of red yolk 
chromatophores. The embryos that lack red cells have, in addi- 
tion, no blacks of the F. heteroclitus type, but show a fine net- 
work of branching chromatophores all over the yolk. Here 
we have then the transmission of a positive paternal character 
on the one hand, and the suppression of a positive maternal 
character on the other, neither of . which can be explained on 
any other basis than that thc^ foreign spermatozoon exercises an 
hereditary influence and that, therefore, Loeb is wrong in sup- 
posing that this kind of development is purely maternal and 
essentially parthenogenetic. IMany other evidences of paternal 
hereditj^ are cited in the description of different crosses and 
need not be recapitulated here. It is commoner to And paternal 
characters in heterogenic crosses than to note its absence. 

The findings of Afoenkhaus, of the Ilertwigs, and of Miss 
Morris, tliat there is no elimination of chromatin in heterogenic 
Teleost hybrids, are in line with the revelations of this paper 
concerning the infiuen(?e of the paternal eloineiit in heredity. In 
most cases the maternal influence is more pronounced than the 
paternal but perliaps we should expect this because of the larger 
deutoplasmic contribution of the egg. But there is nearly 
always a series of embryos ranging from those showing a very 
marked ])aterMal dominance to those showing little or no trace 
of it. As a general rule I have found that when the paternal 
injluence is strong the embryo fails to reach Us maximum develop- 
v:c7it and that all or nearly all of the most successful hybrids are 
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predornimmily malernal In a miniher of casts iiN’brul larwic 
differ in their inheritance charncters from tlie pun* ))rcd lai vae 
but the differences are of a g:enoralized character not delinitt'ly 
referable to the paternal siavies. This is true of tlie hybrids from 
Menidia mcnidia notata and the spenu of T. liettMocIilus, 
Poronotus and Gasterosteus. In all tlua^e of thes(‘ hy4’)rid strains 
the hatched larvae show a few lar^c* solid chroma topluuvs o!^ 
the head instead of the luinioroiis braiKhiiiii Ixxlies characterisli<* 
of the Menidia larvae. This difference betwetm pure and hy- 
brid forms is very striking but I do not und(*rstand its signifn'auce. 

It seems to be true, within limits, that only the most suc- 
cessful hybrids are preponderenl maternal and that tin* less 
successful larvae in nearly all iKderogcmic* crosses show a dual- 
ity of. parents. It may be that wlum the* paternal inlliu*ne(' 
is largely suppressed there is less disharmony in development 
and therefore a bettei’ chauc(' for tin* hvhrid to go through (he 
critical periods of devoIopiiK'nt without siillering from tin* dis- 
cord between opposed pa recital t(Mi(h‘neies. hv(*n in the larvae, 
howeverj that are phenotypical ly ])ur(* or nearly ]>\ire matc'nial, 
there is doubtless carried latent or reeessi\(‘ in (In' genan plasm 
the full complement of paternal inlieritama^ factors, tlrat would 
segregate out in the following general ion, if it wen* possible 
to interbreed the Fi hybrids. \\ c arc Ihcrcforc tial ihafinf/ frllh 
a case of parthenogenclic iJerclop/ncnl hu( irillt oac nirolrunj a naar 
or less complete do?ninan(:c of the egg occr the. sperto. 

Hyhridizdlioii and Ihc orcurnoicc of oionsfcrs 

V^ery many of the types of monslers tliat ha\a' Ixm'ii described 
in experimental and embryological litf'ratun* occur with great 
frequency in hybrid strains. ( ■yclo])ie, uniophtliahnie and aii- 
ophthalmic monsters are of frequent oecurrenca*. All gra<I<*s 
of spina bifida and dicephalia occur. ])oul)l(' and triph; tails 
are common as are headless and tailh*ss bnans; })Ut none oi those 
characters are to be attributed to the specific infhunnx* of th(’ 
male parent. They are rather generalized pjitliological eondi- 
tions due to mechanical or chemical retarding agents some ol 
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which may result from a disharmonious interaction of foreign 
germ plasms. Some conditions however are strikingly specific 
for certain crosses. Perhaps the most pronounced case of this 
sort is that seen in the cross Fundulus heteroclitiis 9 X Porono- 
thus triacanthus d^. Here the embryos that developed most 
successfully are all narrow-headed. In rare cases the head 
may differentiate rather extensi\'ely but it always remains much 
too small and narrow for the body. This situation suggests 
some specific influence of the male cell in embryo formation. 
Again, to cite an opposite case, in the cross Apeltes quadracus 
9 X Alonidia ])eryllina cerea & there occurred very peculiar 
specific deformities. The head developed on one side of the 
yolk and tail at a flistance on the other. This condition occurred 
in nearly all ad\^anced embryos. At first I thought I had a case 
r)f poly ern bryony but found later that the condition is due to 
the fact that the mid-region of the body fails to develop, leaving 
the two extremities separate. This again indicates some specific 
influeiice of the male cell in embryo formation. Many other 
similar cases an^ cited in connection with the various crosses 
which tend to show that abiuninalities in particular crosses 7nay he 
aiore or lesfi specific and not merchj general pathological conditions. 

Developmental blocks in heterogenic crosses 

It .seems to be general!}^ true that the developmeittal rate of 
lieterogenic crosses is slower than that of the pure bred maternal 
species. The retarding influence of the foreign sperm mani- 
fests itself during early cleavage in some crosses, during late 
cleavage in others, jukI not until gastrulation in still others. 
Appellbf calls attention to a well defined early retardation in 
the cross between Spinachia 9 X Clasterosteus o’, in which case 
the liybrid eggs were in the 4-cell stage when the pure bred 
Spinachia eggs were in 8-cell stages or farther^ Moenkhaus 
cites a series of cases of early retardation ranging from early to 
late (deavage. In the cross Tautogolabrus 9 X F. heteroclitus 
cf* the hybrids are in 8-cell stages when the pure-bred Tautogola- 
brus are entering, upon the 16-cclI stage. In the cross Gas- 
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terosteus 9 X F. lieteroolitus o" the hyltiid showed a less marked 
spread of the late segmentation dise than did the pmv-hivd 
ernbryoa. Many other east's art' eited that "slmw t'viih'ut w- 
tardation during gaatrulatiom 

ids a rule the cdTher the et /aoie/eeo (he were j)n)fioufirni iht 
developmental block. Hyl)n(ls in which tlie retardation oeeurs 
during early cleavages are apt to tiisintegrate liuring latt' cleav age. 
Those that show retardation until gastrulalion is well umh't- 
way, are apt tp show a consiih'rabh* degna' ot (leva'lopnumtal 
success; The probable cause of early retanlation is abnoiaual 
cleavage. The Hertwigs and Miss Morris .show eh'ai'l.v that 
decidedly irregular cleavages oecair in liylnid blashidiscs. 'rhi> 
disruption of the normal pnx'css ('oukl not but result in retarda- 
tion. It is also probable Diat lat('r retardation is based on 
later irregularities in cleavages, for, in many of the en^s.cs .h- 
scribed in this paper, it was noted that the n'll structure ol err- 
tain regions is abnormally coarse, tlu' (rlls In'ing ol iincn'u s./r 
and many of them of giant si/.c. Such a nnehtmii indicates 
some abnormality in tlie ch'avag^' nwihanistm 

It is remarkable, as Apiielk'if first pointed onl. that Ihr mn. 
frequmt stopping plarc in il,e ,M,,nnnnt M 
ts at the end of the clenmp period, or jnri Inf ore Ihe oo..el o, r»/, - 
Hon. Since gastrulafum is essentially a ,,l,e,u,.nenon nl ,1,1, - 
entiationitL^otsurpris.ng tl,at we shnuM InnI sn nuny 1,. - 
erogenic crosses blocked at this point lor thongh n,c,e .-.n 
muWpUcation or cleavage might proceed .nore or les. soecs. h, 1, 
in spL of the irregular disti'ihution ol tim chnunatm, >> 
differentiation cannot go forwaid uiidei- sin- 1 com ) 'on-. 

The nextdevelopmnlal blorlr in M o) > 
crosses that enter upon early germ-nng ^ 

Sd.::J^h^tortnsignifynrg.h,P<^^^^ 

Ig i' stoppSt vari,^^^^ 
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blastopore retiiaiiis as an oval or slit-like opening. In such 
cases one of several things may happen. Either the germ- 
ring retreats to The animal pole of the egg and gathers into a 
lump-like embryonic mass that may form pigment cells and 
assume a vague likeness to a short embryo; or a flat embryonic 
shield with two rings of germ band enclosing an elongated blasto- 
pore may continue to live and differentiate regionally for some 
time; or advanced body less heads may develop and appear to 
end abruptly against a flat sheet of cells deriveij^ from! the germ- 
barid; or, finally, advanced embryos with well developed heads 
may occur at a distance from the posterior parts of the body 
separated from the latter by a flat germ-band region. All of 
these abtiormalities are to be attributed to various interruptions 
of tlic process of concrescence, The beginning of gastriilation 
is the most general block in hybrid development but concrescence 
is scarcely less inifiortant. The cause of the latter block is not 
known, but is probably associated with the general retardation of 
development. The less energetic overgrowth of the yolk by the 
blastoderm is doubtless accompanied by a lowered fusion energy 
so that the two halves of the germ-ring do not so strongly attract 
each other. Many types of hybrid have no difficulty with gastru- 
lation until the very last stage of blastopore closure. Such em- 
bryos develop for the most part normally, but show various de- 
fects of the tail region, where the metabolic rate is lowest, such as 
short tail or bent and spiral forms. 

As a rule, hybrids that successfully weather the vicissitudes 
of gastrulation and are normal after the closure of the blasto- 
pore meet no distinct developmental block until the time comes 
for circulation to be established. It is very common for certain 
types of hybrids to go forward to advanced stages in which head 
and body are normally differentiated, in wffiich the heart is formed 
and pulsating, but in which blood fails to develop and thus circu- 
lation is not established. The lack of a circulati^ at certain 
critical stages hinders, though it does not necessarily prevent, 
yolk assimilation, and various well defined organic disturbances 
result. The most frequent consequence of a failure to establish 
a circulation is seeq in those types of hybrids in which the heart 
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is stretched out across the yolk in an cularjiied poricardiiiui. I'hc 
heart beats but carries no lilood. In other (‘uses l>looa is foriued 
but in such small amounts that symptoms 'of* anemia s<khi 
appear and death ensues. If a full circulation is estal)Iislual the 
embryo has a good chance to hatcli and to live as a normal larva 
but many cases have been cited in whicli embryos with (‘irem 
lation apparently normal have failed to liateh. It ma>’ \u' that 
in these cases the circulation was established too late in tlie 
developmental Jpstory ami that it is not possible for (lie be- 
lated embryo to regain the lost gi'omul. 

It is quite common to find certain types of embryos that die 
shortly after hatching. As yet I hav(' l)e(Mi iinabl(‘ to undersland 
the low viability of these types, ^riuav are, }H(W<'V(a', de- 
scribed many hybrid forms that hatcli and seian to be normally 
viable, and I see no reason to doubt that tluse could lie n'ared 
to advanced stages. 

Practically all the well defined abnormalitii's and monstu's 
of various sorts are, I believe, tlu' result of a retardatitni of cer- 
tain processes, chief among which is tlie [iroec'ss of eonert'seeiKM'. 
Cyclopia is doubtless, as Stoekani lias shown. (lu(‘ to a failure 
to separate on the part of the median ventral optic primonlia 
of the brain door. Double lieatled moiistta-s arc a result of a 
failure to concresce of the anterior germ-band, and sfiin.a bifida, 
double tail and similar abiiormalifies an^ likewisi^ results of 
incomplete concrescence. 

It is generally the case for hcterogiaiic fiybrids that in any 
strain some individuals surmount th(‘ (h'vidopmental blocks 
that effectively stop others. In nearly all of tlH‘ crns.^(‘s (h*- 
scribed it has been noted that a consichaabk^ ])(‘r ccait of tin* 
hybrids cease to develop at the end of cleavage or durmg gaslrula- 
tion, some may be blocked at the point ol blood formation ami 
others go on to hatching, AVhat exf)lamilion can be olbuTil 
for such a wde variation among embryos of eoimnon parent 
This same inquiry was made by Appelliif many years ago and 
the answer was deferred by him until such time as lie should 
be able to conduct a more exterisi\T s(Ties of researelu's on 
Teleost hybrids. I have what seems to nic^ to an a(*(juale 
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inass of data bearing on this question but am still unable to 
give any satisfactory solution of the problem. It ma}^ however, 
bo suggested that the differences in success may be due to physio- 
logical differences in the condition of the egg and sperm, for it 
is probable that in any large number of germ-cells forcibly 
stripped from males or females some of each kind will be in better 
condition for development than others. 

All the developmental blocks herewith cited are looked upon 
as developmental crises during which embryog are especially 
susceptible to disturbances introduced by a lowered metabolic 
rhythm. These crises probably represent the apices of curves 
of morphogenetic activity when the metabolic rhythm is at 
its height. The normal changes associated with these crises 
occur successfully only when the tonus of the rhythm is sus- 
tained at its proper level. A lowering of the tonus produces 
abnormalities. Any processes requiring less developmental 
pressure or a lower tonus go on irrespective of these blocks as 
we shall see in the next section. 

A uto~(liJfereniia Hon and de-diffe re ri Ha Ho n 

It is not without interest in y‘omiection with these hybrid 
1‘xperiinents to note certain phenomena of embryonic differentia- 
tion and de-differentiation, which arc not specifically hybridiza- 
tion effects, but are merely the secondary result of abnormal 
conditions brought on through the disharmony of foreign germ 
plasms. In many of the experiments attention was called to 
the liigh degree of independence exhibited by certain types of 
cells and tissues. ( Tromatophores, for example, which nor- 
mally appear only after considerable embryonic differentiation 
has occurred, develop and go to the definiti^^e stages even when 
no other tissues may be differentiated. In those cases where the 
germ-ring retreats and forms a lump of tissue at the animal 
pole it often happens that such a formless embryonic mass 
becomes pigmented with the characteristic chroma tophores of 
the species. Chromatophores can usually be relied upon to 
go their course and reach a definitive condition even when em- 
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bryonic dift'erentiation stops at an aarly poriod. 'Hits ivsii I 
is taken to mean that chroiiiatopliores-lH'lon}; to a type ol eells 
that are remarkabh- indepeiuleiit and tire not elosoly .•onvlale,! 
with the more iiighly organized tissiH>s. 'riiey wtmder aitont 
and locate themselves in places ef athanla^t . 1 | 

is established they creep tiixm tlie beating liearl. whieli neter 
happens in normal embryos. When blood vessels lorn, bn tn. 
f,lood is developed ehromatoplmres still gather alK,nt the bloo,l 

vessels This formation of iiuli'pemliait t)l blooi > 

alher llluslratLt of tissne independce..; Van Hu- tnos, str.l. 
ing ease of this sort is met with in those lorms that deulop a 
heart that continues to function evci\ without a hhod (on ‘u ■ 

\s I have noted repeaterlly abov.-, hearts of this sort are from 

tv;rfi«tmtreteLd.,u.over.hey.,lkso,l,a.n,ey^ 

eonsidSable tension, iet they midergo tlu| same tiexm<> - 

Zn they are crowded within a rest, per, ear I 

;; clmonlv believed that Ihe hear, flex.nes are the resul o 

itself is the .eat of ifs t.w;n — 

probable that .su", tissne is withmil 

heart rhythm is therefor.- nivogenuv .W ; 

that even though th.- b,rdy ma.v d 

embryo is les.s of a uml 'an ^ hiu'moni.ms end 

independent processes arc a w |,„ i„|,ihi,e,i witlun.t 

result and that ,wve process nu 

interfering seriously wit i >i ' ^ 1 ^,.,. ,..„.|y .mil Unit 

particular fate of a reg.o.i ^ aller 

radically changed euvironmenlal bub" 

.the end result. 
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, While differentiation of certain parts goes on without hindrance 
other parts may be de-differentiating. Many cases are noted 
in which, without the general death of the embryo, certain re- 
gions that Inive reached an advanced stage of differentiation 
cease to develop and begin to lose their definition. This is 
seen most distinctly in connection with the head and particular!}' 
with the (^ycs. In some crosses the eyes and other special organs 
of the lieud (levelop normally to an^idv'anced stage and then begin 
to grow \'aguc. This appears to moan that the tissues are re- 
turning to a generalized state. They are not dead as is evi- 
dent ])y the retention of their transparency, for dead tissue be- 
comes more or less opaque. Heads diminish in size; pigment on 
the eyes migrates to other regions and the details of eye struc- 
ture ai’o lost. Such de-differentiated embryos may live for weeks 
and may continue to de\’elop structures at a distance from the 
head end. In some cases de-differentiation involves only the 
most antorioi’ regions of the head including the eyes. When 
the eyes are de-differentiated the otic vesicles become the dom- 
inant regions of the head and grow to unusual size. This would 
appear to mean that the eyes are the controlling elements of 
the head and that when they disappear the control or dominance 
passes back to the next elements, the otic vesicles. The student 
of developmental mechanics would find- much ^ interest him in 
these cases and would probably discover many others equally 
significant. 

smniARv 

1. Ninety-three crosses among fourteen species of Woods 
Hole Teleosts were made and of these seventy-eight are hetero- 
genic and are here dealt with. The hoiuogenic crosses are to 
be treated separately. 

2. Heterogenic crosses are those between different orders or 
families; homogenic crosses are between different genera of a 
family or between different species of a genus. 

3. In seventeen heterogenic crosses some embryos established 
a circulation and in sixteen larvae were hatched. 

4. There is as much developmental success among the hetero- 
genic as among some homogenic crosses. In general there* 
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seems to be no primary coiTelatiou between the ile^reo of smaass 
in development and the nearness of relatinnsliip of tlu‘ species 
crossed. 

5. The factors determining the re]ati\'(* sma'ess in ile\elop- 
ment of hybrids are associated with the amount, df'nsity and 
specific composition of tin* yolk, and with hardiness of th(‘ e^*?. 

« 6, The factor of rate of d(W'(^lo])m(Mit appears to lu* a mcic 
secondary factor in the success of iiybrids as species with a 
slow development cross readily with lupidly developing speci<‘s. 

7. The differences in developmental siieeess of nHajiroeid 
crosses are due to the sanu* factois that Tk' at the basis of liybrid 
success in general, d'he hybrid from the spia-ies of (‘gg tliat is 
more adaptable to hybridization will, irr(Np(‘<'(ive of pbylog('m‘tie 
relationship, develop more sueosstully than tlu' r('eipro<*al 
cross from the less adaptable specits of ('gg. 

8. Many cases are cited in which deliuit<‘ [maternal characters 
are inherited by heterogenic hy])ri(ls. which goes to ilisprovo 
LoelVs conclusion that heterogenic hybrids are pure matia-nal 
and that the sperm plays only (lie lole of initiating (l('vclof)n!ent, 
without having any share in endnyo tormation or her('(lity. 

9. In all the cro.sses in wliich sonu‘ embryos (hwelop to hat eh - 
ing the most successful of them an' pr(Mloniinaii(ly niaternal, 
but less succes!=4ul hybrids .sho>v both tnat('rnal and ))at(M-iial 
influence in varying degrees. The m^arly pure inaterrial larva)‘ 
are thought to be merely plumotypieally so. for it is likely tluit 
this germ-plasm carries its full (luota of ])at('rnal iiheritanec 

factors. Ill 

10. All of the well known types of monstra-s occur m hyluid 

strains. These abnonual cojulitioii.^ :ii'c in some cast's sjx'cilif 
for certain crosses ami others are of a more Keiienili/.eil eharaeler 
occurring in mariv crosses. .Ml of tlie abnormal types are ca- 
pable of being interpreted as retardation i)roduels ami therefore 
as due to the slowing down of develr.pinent through th.' dis- 
harmonious interaction of foreign germ pla.sms. ^ 

11. The principal developmental Idoeks m)t«d m heterogenic 
hybrids occur in connection witli tiie following crises : gaslrulatiou, 

■concrescence, head differentiation, the establishment of a cur- 

TT1E JOVBN.AL l.F EXPBHIMENT.U. ioOl.Ot.l', VOL. IS, N't'- 
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culation. These crises probably represent the apices of curves 
of morphogenetic activity, when the metabolic rhythm is at its 
height. A lowering of the rate of metabolism affects these proc- 
esses more fjrofoundly than it would processes associated with 
a low developmental tonus. 

12. Many cases of independently differentiating tissues are 
cited* chief among which are chroma tophores, heart, fins, etc. 
These structures continue to develop when isolated from their 
normal en\uroninent. De-differentiation of the more highly 
differentiated parts occurs readily even while the less diffeP 
entiated parts continue to grow. ♦General death occurs slowly 
and some tissues are particularly resistant. Chromatophores 
go on to their definitive state even when the tissues of the em- 
bryonic body are reduced to a generalized mass of cells. 
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INTIIODld'TItiX 

In a recent publication (loaliiiK with the iiliolotaclic rc.'iponsi's 
of the larvae of .Vmblystoina imnclatum (l.aiircns ’l l a) a lirict 
mention was made of the iiitcn.'it.v of i)itj;)m'nlatinii of noriiia! 
and eyeless individuals in diffuse light and in darkiu'ss. U was 
there stated that the coloration of nonnal .-ukI eyeless larviu! 
was different, although they were kept imdcr identieal conditions. 
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The results were briefly as follows: Normal larvae placed in 
diffuse light on an indifferent background were pale, while normal 
larvae placed in darkness were dark. Eyeless larvae placed un- 
der these conditions showed exactly the opposite conditions of 
coloration, in that in diffuse light the larvae were dark, in dark- 
ness they were pale. In addition to these responses to light and 
darkness certain others to background were also mentioned. 
Normal larvae placed in diffuse light on a white background were 
pale while those placed on a black background were very dark. 
The eyeless larvae show no responses to background. * 

The observations which led to these results were made on lar- 
vae that were being used to test their photo tactic responses. 
Groups of ten larvae were placed in darkness or in light, on 
white or on black backgrounds, where they were allowed to re- 
main for varying lengths of time, and were observed only at the 
time when- the phototactic tests were made and usually only 
with the naked eye, the general appearance — pale or dark — being 
taken as the criterion of the coloration. 

The results that have just been briefly outlined are in complete 
agreement with those of Babak (TO'", TO b, T2, and T3) for the 
Axolotl larvae (A. mexicanum cope, A. tigrinum Laurenti). 
Pernitzsch (T4) in a recent study of the chroraatophores of these 
larvae has also found that keeping the larvae ^ the dark causes 
them to become dark, while keeping them in the light (om white 
backgrounds) causes them to become pale. 

The experiments, with the results of which, the present paper 
has to deal were instigated by a desire to analyse more closely 
the differences in the coloration of normal and eyeless larvae 
under the same conditions. Babak has given a rather lengthy 
theoretical consideration of these differences in the Axolotl and 
has proposed some interesting hypotheses to explain them. It 
seemed to me desirable to attempt to find out something more 
about the actual behavior of the melanophores themselves and 
to study not only the effects of light but of various other physio- 
logical stimuli as well, viz., temperature, various solutions of 
salts and drugs, and electric currents, both induced and constant; 
further to extend this study to larvae that had been deprived 
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of their eyes and to those in whicli the nervous system had been 
partially or totally destroyed. 

With this end in view experiments were sttirted in tlu' early 
spring months of 1914 on normal and eyeless larvae, (‘x posing 
them to the conditions of light, l)a(‘kgromul and darkness men- 
tioned above. The methods of blinding and keepiiig the larvae 
were the same as those described in my (‘arlier pa]>er tmd 
consisted in removing the optic vesicles from embryos ]»etwc(m 
4 and 5 mm. long in whieli the tail l)ud is just appearing, and 
which no nerve fibers have ])e(‘om(‘ dilVerenliattnl. 1 he ad- 
vantages of operating at this stage over (he nu'thod of la'inoving 
the eyes later, need only be referred to. d'helarva(', botli normal 
and eyeless, were first -placed in small stendm* dislies, irom winch 
they were later transferred to batttay jars and linahv tn large 
stender dishes of IS cm. diatnetm- and S cm. deip wltnh held 


about 1200 cc. of water. , , , 

As every one knows, the literature dealing with the (hromato- 
phores, both morphological and physiological, is (‘nortnou.^. 
Since in most of the many iccont ,nil)lications llm previous liter- 
ature has been reviewed and brounht up to date it shall not Iw 
an object of the present conlributioii to do so ajrain, but iiicieb 
to call attention to those papers wliicli seem toliavea paitii.iiUr 
bearing on the results here detailed. 


RlhA('TiONS TO UK HIT 

In these experiments both daylight and artijicial hpd.l w,we 
used the latter being furnished by a Neriist gloui't am >> . 

japalac; and (3) a white one, obtained by <.o^ cn.ig 

bottoms of the liiBhes with white paper. 
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1 . Reactions of the ^nelanophores of seeing and eyeless larvae 

The reactions of the normal and eyeless larvae may best be 
considered together. A large number of observations were made 
upon individuals which were grouped into various series. In 
order to show how extensive these were and how thorough an 
analysis of these reactions has been attempted, the following 
outline is given. 

a. Outline of experiments. 1. Normal larvae in bright diffuse 
daylight, white background compared with black. 

2. Normal larvae in bright diffuse daylight on indifferent, 
white and black backgrounds compared with normal larvae in 
darkness. 

3. Eyeless larvae in bright diffuse daylight, white background 
compared with black. 

4. Eyeless larvae in bright diffuse daylight, on indifferent, 
white and black backgrounds compared with eyeless larvae in 
darkness. 

5. N^ornial larvae compared with eyeless larvae: (a) normal 
larvae on a white background compared with eyeless larvae on 
a white background; (b) normal larvae on a black background 
compared with eyeless larvae on a black background; '(c) nor- 
mal Jarvae on an indifferent background compared with eyeless 
larvae on an indifferent background; (d) normal larvae in dark- 
ness compared with eyeless larvae in darkness. 

Under group 5 the conditions found under the other four 
groups are duplicated. This was done intentionally for the sake 
of obtaining direct comparisons and increasing the number of 
individuals observed. As will be seen later, some of the com- 
parisons were useless, e.g., those of eyeless individuals on the 
various backgrounds, but they furnished a larger number of 
eyeless individuals for observation. Three larvae were used 
under each of the conditions and this first series therefore con- 
sisted of 00 individuals. In all ten series of larvae were used, 
five for A. punctatum and five for A. opacum. All of the series 
did not include all of the comparisons given in the outline, but 
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in each series of comparison < made throe larvae wore usi^l for 
each condition. 

In all but one of the five series of A. oj)a(ann larviio the animals 
had the use of their eyes. It was d^^sirahlo to carry out experi- 
ments on these larvae from whiolt tlie [)o\ver ol si^lit had been 
taken away. On the other Iviitd, operations upon ihiMwes at 
this stage of development (the larvae were all betwivn oo ami oo 
mm. long) were considered as too serious. Since operations upon 
the eyes of the opaciim larvae were out of thi^ (picstion some 
method of painting them over was diaadial upon as^the hist 
way to deprive these larvai^ of the use ot tlaar 
stances proved themselves praetieahle for tins |,ui-|.ose. Ibe 
first, and better, was a solution of .rlloi.lin m mher to wluH, 
lampblack had been added. The seeon.l was a lairty Hark solu- 
tion of shellac in aleohol. The method of jamdine .,ver he eyes 
was briefly as fellows: A larva was first phmed m a 0.t)> pe 
cent solution of chloretone until it laid almost Wst ail . < 
movement, it was then tm.isfenrd b>- means of a 
, lifter to a damp cloth, and a piece of lens paper thorou,^ld^ soak 1 
in water tucked around it so that the gills were cove ed. Ihe 
head was then dried as much as possible by means < hUer pape 

andwithasmalleamelVhairlirusha line drop of e .^ 

.„d to l,«». laoly tino. .1^0 lo-o 1-.- > 

IStybUndfoldcd andobservations nutde on tluan fr.m, Apnl 

11 until May 16, 'vhen three ,.f them wei'e presen ■ 

The blinds of i.vanably came 

permanently over the (A - . . l,.,pp,,„e,l ha, I been again 

Jtdfiued iX-tepandioris ,v,.r^^^ 
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under a binocular microscope it was seen that the corneas in addi- 
tion to beins thick and opaque had become invaded by a large 
number of pigment cells which were expanded. This condition 
presented substantially a blindfolded one; that it really was such 
will be apparent from the re.sults of the observations carried out 
upon these larvae. 

Several of the opacum larvae metamorphosed during the course 
of the experiments. The observations were continued upon 
these young adults since it was soon noted that their pigment 
cells responded in the same way as those of the larvae , only con- 
siderablymore slowdy and less extensively. 

The conditions of the melanophores themselves and not the 
general appearance of the larvae must be emphasized. The lar- 
vae of both A. pun datum and opacum show the black and 
white races that have been described by Haecker (T7, T2 a, and 
M2 b)j and more recently referred to by Pernitzsch (’13), for the 
Axolotl. As these observers have shown, the white race is not 
a true albino, since there is always some black and yellow pig- 
ment. The '8check’ or ‘Metamerscheck’ described and figured 
by Ha-ccker and also by Goldschmidt (M3) was not observed 
among the larvae of punctatuin and opacum. The occurrence 
of these two races of Ambly stoma can cause a great deal of 
confusion and mistaken judgment if the general appearance — 
dark or pale~of the larvae alone is considered in describing the 
general condition of coloration or pigmentation of the larvae 
under the different conditions of illumination, etc. A Svhite’ 
larva with expanded melanophores is not unlike a ^black^ one 
with contracted pigment cells. Under the binocular microscope 
the individual pigment cells are themselves observed and no 
mistake as to whether they are expanded oj- contracted is pos- 
sible. In addition, when melanophores or pigment cells are 
spoken of, it is the sub-epidermal pigment cell that is always 
referred to, unless otherwise stated. The melanophores in the 
epidermis, which are of different form from those in the sub-epi- 
dermis, are more irregular and variable in their responses than 
are the sub-epidermal pigment cells, and very often, particularly 
in the larvae that have been under a certain conilition for some 
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time, the one form of pijimom cell will he eontraetecl. the other 
expanded, and vice versa. I'he xantliophort^s are. as far as 
could be made out, always expanded under all eonditions of 
illumination and darkness. 

The state of the aichviniilKurfi mnh-r loag (‘onliniud onolidatts 
of illumination and darbu's^\ I'lu' state of the pi^nienl cells oi 
larvae that have been ke[)t under a [nirtitailar condition for sonic 
time can be briefly statetl Normal setdnt^ larvae lliat have been 
kept in bright diffuse daylight on a white ha (‘kg round always 
show a contracted state of the suh-epidermal melauoplmres. 'Phe 
epidermal melanophores may, however, lx* eoniraeted or ('x^ 
panded and a larva may indeed a])pear 'dark' on a whit(‘ hack- 
ground if the epidermal m(‘lano])hoivs are mniKM'ous, altliough 
the sub-epidermal mclanophoivs are maximally contracted. 
Normal larvae that have been kept in bright diffusi' daylight on 
a black background show a maximally expanded condition of all 
of the melanophores, epidermal usually as well as su])-epid(‘rmal. 

In normal larvae that have been kc'pt for sonu' time in bright 
diffuse daylight on an indifferent background the iiH'laiiophore.s 
are in a condition of, what for coiuenience lias Ixxm (‘ailed, I 
to J expansion, and are never fully contracted to dots or jioint.s. 
Such larvae have the same genei’al !ii)peararic(‘ as larvae' that 
have been kept on a white background and an* imlexHl 'pale.' 

In normal larvae that have been kept iii absolute darkrx'ss for 
a considerable time the inelanniihores an' iuvarialily (‘Xiiamhal. 
They are, however, never, or very seldom, (wpandi'd to llu'ir 
utmost, and are in a state of expansion that has for couvenmnee . 
of description been called a } to « expansion. 

The conditions of th(^ melauophon's Wuii hav(' Ixmui (h'senbed 
for the larvae kept in the light do not ivbv to larvat' that air 
kept in aquaria containing water plants and with a bottom of 
dark mud or sand. Here the conditions of illumination aio nat- 
urally quite different from tlnise in aquaria with ch'ar water, 
free from plants and with clean [loltoins. In aciuarni u it h plants, 
etc., the condition of tlie melano])hores is that (k'scrihed lor tlm 
larvae on a black background, and in such an atiuarium the Imck- 
ground may be said to be really a black oray since most of tim 
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li^ht is absorbed. In addition the plants produce shadows, caus- 
ing dark places, where the larvae are most likely to be found. 

Eyeless larvae do not respond to differences in background. 
In general in all eyeless larvae kept in the light the melanophores 
are fully expanded, both epidermal and sub-epidermal. In 
eyeless larvae kept in the dark all the sub-epidermal melano- 
phores are maximally contracted, while the epidermal pigment 
cells may or may not be. These larvae are usually very pale 
and transparent, The xanthophores are, as usual, expanded and 
can be sometimes seen with great distinctness in the anterior ^ 
portions of the body on the head and trunk as well as on the 
tail, where they are usually only to be seen. 


TABLE 1 

^UiUi a/ the. mehviophorea nfitr long coniinued illnmimUon and darkness 



Whife 

LIGHT 

: Black 

IiidilTercnt 

DARKKESfl 

Normal 

contractefi 

expanded 

c on t ranted 
-1 exp.) 1 

expanded (f- 
s) 

Eyeless 

expanded 

expanded 

expanded 

contracted 


The state of the melanophores under all of the conditions 
for both normal and eyeless larvae have now been described, 
and arc given in table 1 . Summarized they are as follows : the 
melanophores of normal larvae on a white background are con- 
tracted, on a black background expanded, in bright diffuse day- 
light (on an indifferent background) contracted (i tx) j expan- 
sion), and in darkness expanded, (f to J * expansion). The 
melanophores of eyeless larvae in bright diffuse daylight are 
expanded, in darkness- contracted. In general, the eyeless lar- 
vae are darker and paler than the seeing larvae owing to the 
incomplete expansion and contraction of the melanophores of the 
larvae with eyes. The condition of the melanophores of normal 
and eyeless lar\^ae are, as was previously stated, exactly opposite 
under identical conditions of illumination and darkness. But 
since these are the conditions which have already been described 



REACTIONS -OF ME LAXOPHOIIKS OK LAliVAK 


5S") 


(Babak and Laurens) the ([iiestiou imiy he reised as to why liave 
they again been described The answer to this {{iK^stion is tliat, 
although the conditions are ;is tlu^y have hei'o deserilnal wlwn 
the seeing and eyeless larvae are allowed to remain I’or some time 
under the particular eomlitions. they do not repivstaU the pri- 
mary responses of the melauoi'ihores. which are identical in the 
two kinds of larvae. 

c. The reactions of the ixchniophoir.^ to {■hiinijts ni hijfti an<l darh- 
ness. The general course of pnH'edure in thcs(‘ t'\|H'rim(*nts was 
to place the members of the various series of larv ae m groups nl 
three under the different coiidltions of illumination, etiv, and 

TAIU.K 

The. reactions of the mdimophoir^^ of n^n-ni'il nn-( t I'o-f'tr (jii.ih, aii<Thukir 

T.li.lll' duikM^s 

[MKt KKUKN r H Vi Ki.ifn' Sl» 


Normal' ... -.i , 

I. reaction expansion (0 (ft L’lirs.i coiUrn' i.m •> t >• 

IL reaction contractimi (i 1 oxin) cxprinsmi) (» 

(3 0 (lays) '^ovr) 


Eyeless 
I. reaction 


oxi.an..inii (L- Oirs.) n.nlrarlm.i M 


iftcr allowing them to no, win for 

orelanophores caused by the new condition b, 

results it will be best to tabe up the con.wderation ol ; 

of the melanophores of the nor.ual larva,, for 

and to begin with je I-';- ^ 

5 «h hr..., ii .ill be y" I 

of the melanophores IS to coiituc ■ . . p,' 'fiii. re- 

„.m elofs. p, “ th' ™ alter the 

spouse is completed m fiom is ^.^^utyaeted, the larvae 

melanophores have i' to*’ hours the inehum- 

are carried back to the light, in from , to h ur 

phore.s are all expanded (J expansion), line "•>*• 
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the condition in which the melanophores were when they were 
first taken from the light, for then they were in a contracted 
condition to expansion), which, as has been shown above, 
is the typical condition of the melanophores that have been kept 
for some time in the light. Herein lies the difference in the 
results. If the larvae are allowed to remain in the light, undis- 
turbed for from three to five days this contracted condition of 
the melanophores is brought about. In other words, the light 
which at first caused the melanophores to expand, when allowed 
to act for some time causes them secondarily to contract.^ 

It has just been said that when larvae are transferred from 
bi’ight diffuse daylight to darkness that the melanophores still 
further contract until they are all mere dots. But the charac- 
teristic condition of the melanophores of larvae that have been 
kept in darkness has already been described as one of expansion 
^ 4 P- b83). This expanded condition of the melanophores 
in darkness is indeed the typical one and is always found in lar- 
\’ae that have been allowed to remain in darkness for more than 
five days. 

When larvae that have been kept so long in the dark (more 
than five days) that the melanophores have all secondarily ex- 
panded, are placed in bright diffuse daylight, the melanophores 
give no response, but simply remain expanded. If the larvae 
are now allowed to remain in the light, the melanophores again 
after from three to five days all contract (| to J expansion). 
If, however, the larvae are not left in the light but are transferred 
back to darkness, after an exposure of an hour or so to light, the 
melanophores contract in the average time of two to three hours. 

Eyeless larvae do not show these ^secondary’ responses to 
continued illumination and darkness. Wdien eyeless larvae are 
taken from the light to darkness, the melanophores which have 

‘ Most of tlie larvae when transferred to the light were not constantly illumi- 
nated, so that at night the melanophores contracted and the next morning re- 
expanded. Such larvae, however, show no constant differences in the length of 
time necessary for the secondary contractions to come about from those that are 
illuminated at night by an electric light, which is of sufficient intensity to cause 
the melanophores to expand when the larve are removed from darkness. 



REACTIONS OF MKLAXOPHOKKS t)F L\U\ \K 


5^7 


been maximally expanded soon until tljey mv ineir dots, 

the response being completed in from four to tive l\ours. llu* time 
necevSsary being therefore somewhat longer than in luu-mal seiung 
larvae. But no matter how long thest* bliifded larvae are k<‘pt 
in darkness the melanopliores never expatul again. When these 
larvae are returned to the light tlu' m(dano[)hores (‘\pand in 
from two to three hours, and n'lnain so as long as they are k(‘pt 
illuminated. 

The normal seeing and eyeless larvae of .\. puuetatum tlnu-e- 
fore give reactions to light and darkness wiileh atv id(mlieal: and 
only secondarily arc the states of the nudaiiophores (‘xaetly oj)po- 
site under identical conditioas. 

There still remain to l)e considered the changes that take' place 
in the melanophores when normal larvae an' Iransfern'd from 
one background to another. Also those' that take' phu'e when 
such larvae are transferred from these' backgrounds to darkm'ss 
and back again. 

When larvae that have been kept in briglit eiilTuse < lay light 
over an indifferent background, until t!)e melanophores have sec- 
ondarily contracted (J to { ex])ausion), an^ (ransfe'rn'd to a 
white background the melanophores in a veTv short linu' c<nii- 
pletely contract, the response being coi]i])leteel in from ‘JD to IIU 
minutes (table 3), If they are now transferred bae'k to 1h<' in- 


'rAiu.i'; 

The reactions of the /nclaH»()hiir<'f< <>f nonnol Ifirrirc In a rtiutif/c m Imrbjrtm nd 


BACKGROUNB 


l.\Uirj>:llKNT 


reaction contraction (M coniitlotc ronfraefion (JJ 

(Time = h . 


BACKGROUND 


reaction 




^ contraction \ exp.) complete expansion 

(1-2 liavi^; iiiO ^ 


BACKGROUND 


reaction : coinplcfo contraction expansion (]) (1 lir.) 

(3-1 hrs.) 
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different background it is very difficult to say just how long it 
is before the melanophores become again f to j expanded, but ^ 
it is certain that under such conditions the melanophores never 
remain for very loi^ completely contracted. Sometimes they 
expand more than J to but in these cases they soon return 
to this condition. 

When normal .seeing larvae that have been kept on an indiffer- 
ent background are transferred to a black one, the melanophores 
begin to ex[jaiid very cjuickly and in thirty minutes to an hour 
the pigment cells arc all maximally expanded. When they are 
transferred l)ack to the indifferent background it usually takes 
only one to two days (instead of three to five) for the melano- 
|)hores to again contract to the typical condition of | to ^•ex- 
])ansion. 

W'hen larvae that ha\'e been kept on a white background in 
bright diffuse daylight, where the melanophores are all com- 
pletely contracted, are placed on a black one, in less than fifteen 
minutes the black pigment cells begin to expand and in an hour 
tiiey are all I expanded. If they are now transferred back to 
the white background the melanophores take from three to four 
hours to contract. When the larvae are kept for considerable 
lengths of time on the white or black backgrounds, and this is 
true also of larvae that have been kept for some time in the 
dark, the reaction time of the melanophores is very much in- 
creased. Jhiuer (’10) has noted the same thing in flat fishes 
(Pleuronectids) and Babak also refers to this as taking place in 
the Axolotl. Bauer thinks that this lengthening of the time in 
which the response comes about is due to the tonus of the pig- 
ment cell gradually becoming independent of the impulses set 
up by the stimulation of the. eyes, and to the development of a 
relative automatic condition (Automatie) of this tonus. 

If normal larvae that have been kept on a white background 
are transferred to darkness the melanophores show no response 
(table 4). This seems strange, but since the melanophores are 
already in the condition that they assume when transferred to 
darkness there is nothing for them to do but to remain in that 
condition. The secondary response of expansion to darkness 
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comes about in the usual time (5 days or more)- \Vhen these 
larvae, before the mclanophores have seeoiidarily responded in 
the dark, are transferred haek to bright tUlfuse daylight, over a 
white background, the blaek ])ignieut e el ls#in variably expand, 
that is light exerts its normal elTect of eanslng llie melanophores 
to expand although the larvae are on a white background, d his 
response of expansion comes about in the us\ial average time of 
li to 2 hours. Only after some three to four hours alter this do 
the melanophores contract in response to the white ba(*kground. 
If these larvae, however, are not trmisferred back to the light 


TAiU.K ! 

-eaciions of ihc melanoplHm ^i vf uonha! I'srntc 

1. reaction 

oxpinisioii (ii ilj - 1‘''' 

II. reaction 

font rav( lull (3 1 

■ 

lU.\r K iiWK'iitnl Ml 

I. reaction 

ex(>:insi(ni (1 .{ - 

ir. reaction 

. contOK'lif N (M t lii'M- ) 


niiiit', iciii.iin ciUit t 

i 1 s' (•' 'l‘*ys 

IIKM I' I 

0 S !irs.) 

tii(trc) 


until after the secondary response of con(raelion In 'l^'^kness has 
taken place, then they renuun 

.rounds only for three to four hours and tlien eont.a . 

Then nonnal larvae tluU have been kep, on a blacU, ^ 
.round, so that all the melanoplmres arc i exiianded. - 1 | 

;r.d.T.t£ ».o S'S'n *' 
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usual in 1§ to 2 hours. Light then exerts its effect of causing 
the melanophores to expand no matter what the background is, 
and just as the melanophores of larvae over an indifferent back- 
ground secondarily contract so also do they, only secondarily, 
contract in larvae on a white background. 

The eyeless larvae not only do not respond to differences in 
background, but when kept on various backgrounds show no 
differences in the lengths of time requisite for the melanophores 
to contract when the larvae are transferred to darkness. 

TABLE 5 

The renctionti of the melanopkoi'CH of blindfolded larvae to light and darkne:^s 

trrjHT 

HACK(iU(MM(S DARKNBil,S 

Will to ■ Bhick I;i«lifTcrent 


J. re.'iction 
11. reaction 


! expansion expansion expansion 

; (2 .3 hrs. i (2-3 hrs.) (2- 3hrs.) 

! none none none 


contraction 
(4-5 hrs.) 
expansion (f- 
1) (5 days or 
more) 


Habak suggests that perhaps the melanophores of Axolotl lar- 
vae that have been blindfolded by painting over the eyes, the 
retinae not being destroyed, would not respond id light and 
darkness as do those of larvae which have been deprived of their 
eyes. The opacum larvae whose eyes were painted over in the 
manner described above afford an opportunity of putting this 
suggestion of Babak’s to the test. It will be remembered that 
the thickened and opaque condition of the cornea was believed to 
be substantially a blindfold. None of these larvae showed any 
of the responses of normal seeing larvae to background, and over 
indifferent, black and white backgrounds the melanophores re- 
mained expanded as in eyeless individuals (table 5). When 
these blindfolded larvae are transferred to darkness the melano- 
phores contract, which is characteristic of eyeless as well as 
of normal seeing larvae. But in these blindfolded individuals the 
secondary response to darkness takes place just as in normal see- 
ing larvae, and after five or more days the melanophores will be 
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found to be expanded. The results obtained ii\ the lisrlit loiive 
no doubt that the eyes were really blindfolded, since the nielano- 
phores responded as in eyeless larvae. 

& 

2, RcdciioHS of the tnehnu^ phores of you op adults 

Ihe reactions to light of the inehinopiiores of young adults 
were substantially the same, as those of tlie larvat*. Stunetime 
before the larvae of opaeuni inetaoiorphose the l)(Hiy becomes 
covered with small grayish patelies which under tin* binoculars 
can be seen to be caused by the development in the skin of a 
whitish pigment which becomes rapidly moiv abundant and 
disposed in rather definite patterns over the body, ))rodueing the 
so-called Garbling’ of those salaiiiand('rs. At th(> saim^ t ime the 
black pigment cells become more diffuse, the c(dl processes ap- 
parently anastomosing. At the. same time that this.wlutish 
pigment is developing a iiiuch inerf^ased blood su])ply to the 
skin is noticed. Blood vessels, in which the moving capillaries 
can be seen, become thickly distributed dvewtlie sides and dor- 
sum of the larvae, and the gills can b(‘ scfui to begin to .shrivel 
and gradually to disappear. The changes in tlie laia ae nf punc- 
tatum are practically identical, with the ditTenmce that tla^ yel- 
low pigmetit becomes aggregated to form the y( llow spots cliar- 
acteristic of the species. 

The responses of the molanophores of tliese young adults, al- 
though similar to those of the larvae, tak(‘ mmh longer to conu^ 
about and arc not as complete. Larvae that metamor])hos<'d 
under the different conditions were remarkably differrad in ap- 
pearance. The opacum larvae on a wliite background w(‘ni 
flesh colored with white splotches liei’C and there, tin* melum>- 
phores being completely contracted. T1 u)se on a black back- 
ground ^nd in darkness were very dark with whii(! sjjlotches. 
The puuctatuin larvae showed similar comlitions willi yellow dots 
here and there. But when the larvae wer(‘ interchanged, it took 
some time, particmlarly in thos(^ transferred to the white back- 
ground, for the melanophores to respond, and then* was a buid- 
ency for the melanophores to assume a middle cf)nditif)n. The 
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larvae that had metamorphosed on indifferent and white back- 
grounds showed more quickly than the others' the changes in the 
melanophores when they were transferred to other conditions. 

3. Experimenls to deiermme the stage of development at which the 
melaywphores first respond to light and darkness 

The reactions to light of the melanophores have so far been 
described for the larvae in general. The melanophores of very 
young larvae, however, do not show the responses to light and 
darkness. The nonnal seeing and eyeless larvae are alike in 
coloration and the melanophores in all are expanded. It is not 
until a particular stage of development is reached that the mel- 
anophores acquire the ability to respond to the stimuli of light 
and darkness and to differences ui background. Babak (TO a, 
p. 112). has noted that the differences between seeing and 
blinded larvae are not to be observed in the very young axolotl 
larvae (17 mm. long) and refers this to the lack of development 
of the eye, or of the pigment controlling function of the retina. 
At this time, according to Babak the retina has probably also not 
yet acquired the capacity of receiving light stimuli or of making 
an image. Before this ])eri()d the normal larvae |)osst>ssing eyes 
show the same condition of pigmentation in darkness that the 
blinded do — the melano])hores being all contracted. From these 
facts Babak argues that the pigment motor function of the re- 
tinae gradually develo[)s after the irritability of the meiano- 
phores to direct stimulation has already appeared, and that in 
the developing retinae certain conditions are gradually attained, 
by means of which, through the central nervous system, they 
govern the mo\ emeuts of the chromotaphores, and give to the 
skin its characteristic a):)pearances in the light and in darkness. 

A set of observations on punctatum larvae was started with 
the view of finding out at just what stage of de\'elopment the 
melanophores of the larvae were able to respond to the stimuli 
of light, background and darkness. i\Iore particularly to deter- 
mine (1) just when normal larvae first showed contracted 
melanophores when they were reared in bright diffuse daylight 
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on white background^, or when phired on them; i2l just when 
normal larvae first show the ’sei'oiulary' responses to light inul 
darkness; and (3) just wlieii lun iual mul eyeless larvae iirst show 
contracted mclano])hores wluai they are r(‘aivd in darkness. 

Eycleshymer (’Ot)) has shown that, when ol)S('rv(Hl under the 
binoculars, the me) anoplioros of Xindurus larva<' (11 to 12 mm. 
long) can first be seen to apix^ar as lin<‘ dots lying dee[) down in 
the transparent connective tissue, that later (in larvai* !o to lt» 
mm. long), they reach tiio outermost surfac<' of tin* d<‘rmis 
where they form an ojicn luisluvork. i-iyeieshyunu’ has also 
studied the gradual developineiit and outward migration of tlie 
pigment cells by means of sections. Wilson ( 'tl7 1 has simwn lliat 
in Amblystoma larvae, the developnuad oi which have htam 
stopped by placing them in O.lKv jHM' cent Nat'l and in Hinger 
solutions, that the pignumt is formed in siln in the yolk cells 


themselves. 

In larvae of Amblystiuna punctatiim tlu' nK'lannphoivs. as 
seen under the binoculars, first a(n)ear as fiiu* dots wlm-li soon 
show a few processes and later take on tlie typical )>ranciwd or 
ratiiating form. The blaek |)igim'nl ceils iiiv al hrsi lew :m«l 
quite distinct from one aJiotlier. I'ennlzscli i hi) lias nrentl,-. 

given an account of the N'uriou.c f„rn>s of plmres hat 

can be distinguWied in ll.e .4in of tl.e axolotl, and most o 
tee have been casually seen in the skin ol pniielaliiin and 

"Tttee observations the larvae were plaeed n. early stages 
of development, usually in the ‘ , 

the various conditions of light aJid darkness. 1 w ana< 
u darkues. showed no differenees. either in the tnne when the 

phore..s, as compared with those reared m 

backgrounds, ‘'-d-aj;-*; and 

these A ‘fhe da k sh,^ also no dilbTences, not 

those reared onU I'l the < uik. 

only in the above particulars, n . various eoiidi- 

tbe ability of the.melauophoves to respond to tlu 

tions fa-st made it.s appearance. 
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The melanophores of larv'ae that are reared in the light on 
an indifferent background are all expanded until the larvae reach 
an av^eragc length of 17.7 mm. After this the melanophores are 
observed to be contracted (J to I expansion). The melanophores 
of larvae that have been reared on black backgrounds when 
transferred to indifferent backgrounds also do not contract un- 
til the larvae have reached this stage of development. 

The melanophores of larvae that have been reared in the light 
on a white background do not contract until the larvae attain 
an average length of 16 mm., the extremes being 14.2 mm. and 
18 mm. In those reared in the dark the melanophores do not 
contract until an average length of 13.3 mm. is reached, the 
extremes here being 12 mm. and 15 mm. The melanophores of 
larvae that have attained the average length of 18.4 mm, show 
the secondary response to darkness already developed. In 
larvae that have been reared in the dark and in those that 
have been reared in the light and then transferred to darkness 
at this stage, the melanophores in the usual length of time (5 
days or more) expand. The larvae at this time -are growing 
fairly rapidly, it has been computed from daily measurements 
that up to the time that the larvae begin to feed (16.7 mm, to 
18 mm. long) growth in length takes place on the average at 
the rate of 0.5 mm. per day, and since this secondary response to 
darkness takes five days or more to come about these larvae 
have grown considerably during that time. But the melano- 
phorcs of larvae taken from bright diffuse daylight at slightly 
earlier stages do not act any differently and it can be concluded 
that the retinae not having developed sufficiently (although the 
larvae are in darkness) the specific impulses are not set up in the 
retinal elements which bring about the secondary expansion of 
the melanophores in darkness, and that therefore the larvae do 
not show the melanophores expanded at any earlier stage of 
development. It is doubtful that the development of the pri- 
mary responses of the melanophores has anything to do with the 
development of the nervous system and it is probably alone due 
to the development of the direct irritability of^the melanophores 
themselves. 
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The nielanophores of evoloss hirv;u‘ tlial have been reariHl ui 
darkness first show a eonti acted eoaditioii of tiie i)i(‘)anophores 
in larvae that have reached au average lenjrth of nun. (die 
extremes being 12.2 mnv and nun.h This is only slightly 
earlier than in iionual seeing larvae and the diiTcrenco is without 
significance. 

It has just been noted that the luelanophores of normal siaang 
larvae contract in 13.3 nun. Iai'\ ae in the dark and tliat in Ui mm. 
larvae the retinae have so far de\'eh)i)(Hl that the melanopliores 
contract when the larvae are on wliite liackgrounds. In addi- 
tion, that it i.s not until larvae have reached an average Itmgtli 
of 18.4 mni. that the secondary response of tin' mclanophori^s to 
darkness takes place, and tliat when n^aretl in bright' dill use 
light on an indifferent background the larvae an* of an avta’jigo 
length of 17.7 mm. before llie mclanophoros will si'coiidarily con- 
tract. These facts point directly to the conclusions that the 
ability of the melanophorcs to respond to a direct stimulus or 
to the lack of a stimulus (darkness) is tirst d(‘V(‘lope(l; that 
after this the response to background through tlie eyt's, ami the 
secondary response to liglit, which are ]K)th th (pendent \i])on the 
retinae and the central neiY’oiis system, are d('\' eloped, and that 
last, the secondary response to (larkm\ss makes its a]>pearanc(‘, 
this last of course also being depeiulent upon th(( retma(‘ and thti 
central nervous system. Furthermore, it can lie assumed that, 
since the retinae of 16 mm. larvae are so tar d{‘V(‘]op(‘d (hal the 
larvae respond to differences iu backgrounds, tlio n't mac ‘>f tlu'se 
larvae are also affected when the larvae ar(( k(M)i on mditf('rcid 
backgrounds. But as wc have seen it takes from tliive t<) live 
days for the secondary response of tlu^ umlatmphores to light to 
take place and during this time the larvae liave attame<l an 
average length of 17.7 mm. 


/f. The reactions of the melnnoplwres in ixolnkd puces of shn 
Small pieces of skin were removed under approximately asept/w. 
conditions from the heads and dorsal surfa<:es of •‘'•yj'' 
of which the melanophorcs were expanded m others of w! uh 
they were contracted. Those pieces of skin were placed on st - 
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ile cover slips in small drops of various fluids and inverted over 
sterile depression slides. The fluids in which the bits of skin 
were placed were various^ and the following may be mentioned 
since they are the ones with which several experiments were 
carried out. Frog plasma 0.65 per cent sodium chloride, a Ringer 
solution (Clark), various normal or molecular solutions of so- 
dium and potassium chloride, solutions of chloretone, atropin, 
a tropin sulphate, and curare and finally tap and distilled water. 
A discussion of the elYects, or lack of effects, of these various 
substances will be taken up later under the section devoted to 
the reactions of the molanophores to various solutions. They 
are mentioned here merely because they were also used in con- 
nection with these light experiments. 

The results of exposing isolated bits of skin of Amblystoma lar- 
vae to daylight and darkness were entirely negative. Melano- 
phores that were contracted when the skin was removed remained 
so whether placed in bright diffuse daylight, sunlight, or in 
darkness and the same is true of expanded melanophores. Bits 
of skin were removed in darkness, with just enough illumination 
to make the operation possible, from larvae in which the melano- 
phores were expanded or contracted, with the same results. 
Since daylight did not bring about an expansion or contraction 
of the melanophores the light from a Nernst glower passed 
through a winter cell and a lens, by means of which the rays were 
made parallel, was tried, but also with negative results. The 
bits of skin were exposed to the light by placing the slides on 
the stage of a compound microscope and reflecting the light 
upon them by means of the plane surface of the mirror. Also 
by placing the slides with the bits of skin directly in the path 
of the beam of parallel rays of light. The illumination was 
continued as long, in some cases, as eight hours, with no changes 
in the melanophores being apparent. That the melanophores 
were still alive at the end of that time and could still respond to 
stimuli w'as shown by stimulating them electrically, when the 
appropriate responses were to be obtained. It may be men- 
tioned, in passing, that the bits of skin placed in frog plasma 
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lived as long as five days. res])ondiiig at f)io end of tha( tinu' to 
electrical stimulation. 

From these experiments it inighl he said that tin' melaiiojdiin'es 
in is'olated pieces of ski)i entirely deprived of the normal con- 
nections — blood and nervous witli the body, are not responsive 
to light, and but for later experiments it niiglit l)e .‘irgued that 
the melanophores in skin isolated from the body show no ahility 
of being stimulated directly by light. Spaeth (do h^ in attempt- 
ing to take photographs with are-light illumination of the (ex- 
panded melanophores in isolated hundulus seales found, that be- 
fore the necessary pr(‘parations were made, the im‘lann|>hores 
were all contracted. ^\'Ilen renuna^d fiami the stage ot the mi- 
croscope the melanophores again expaudcal. When exposed to 
blue light these melanophores did not e(u\tra('t and Spaeth enn- 
chided that the contraction miglit he du(‘ to tlu‘ ultra-vmlet rays 
of the arc-light. Experiments with nltra-violet light pro\md tins 
to be the case, since it also caused the melanoplmres to cmitract. 
It seemed worth while to me to see wheth.T tliese rays could h(‘ 
shown to have any etTeet on the m(dano[>hores of the isolated 
pieces of skin of Amldystoma larvae. A(a‘ordingl> , 
were illuminated by means of a small arc-lam]u (lant/ lalhpu , 

4 to 5 amp., 110 volts) from whi(‘h the comhmsmg lens was 
removed. These pieces of skin wer(> placed on a, d(i>r.^ssmn s ide 
in a drop of salt solution and illuminated Irom above, tiudn of 
skin being observed through tlu^ microscoptv Illnmmated in 
this way it was found that in from twenty to t wimt y-iiv(^ mimiK^s 
the melanophores wliieh had previou.dy been maxnnaby (x- 
panded were compIetel>’ contracted. In ordiu* to prevent t Im 

Lt of the arc from having an elTect(d c(udi.^ 



nliced on tho stage never arose atxni .. ■ 

piaeeu ou ^ fiMiml necessary to 

shown later, a tcnipcratnrc of .W ( . uas lonno 





598 


HENRY LAURENS 


perhaps deserving of special mention. Hertel (’07) found that 
when the nerve endings in the skin of young Loligo were rend- 
ered insensitive by a 1 per cent solution of atropin that the 
contraction of the chromatophores in ultra-violet light *took 
place just as before. He therefore concluded that the nerves 
were not necessary for the response which was brought about by 
direct stimulation of the pigment cells. Bits of the skin of 
Amblystoma larvae placed in 1 per cent and 2 per cent atropin 
also show the contraction of the melanophores when illuminated 
with the arc-light and in the same length of time as when placed 
in salt solution. Again, Spaeth (’13 b) found that a 1 per cent 
atropin sulphate solution causes the melanophores in isolated 
Fundulus scales to expand. This result has never been obtained 
with the melanophores of isolated bits of Amblystoma larva 
skin. When pieces of the skin are placed in drops of atropin 
sulphate, as highly concentrated as 4 per cent contractions of 
the melanophores still come about when the skin is illuminated 
with the arc-light. When, however, the bits of skin are placed 
in a 0.01 per cent solution of chloretone, — which, as we shall see 
later, brings about an expansion of contracted melanophores in 
living larvae as well as of those in isolated pieces of skin— and 
are illuminated with the arc-light, a contraction of the melano- 
phores no longer takes place. When the solution of chloretone 
is reduced to 0.005 per cent contraction still takes place but not 
completely, and only after a longer illumination (three-quarters 
of an hour or more being necessary). 

Several investigators have noted the responses of the melano- 
phores to daylight and darkness in skin which has been isolated 
from the body. Hooker (’12) has described these responses in 
pieces of the skin of H. fusca. The melanophores, when sus- 
pended in drops of plasma, expanded in the light and contracted 
in darkness for a day, but after that showed the reverse responses. 
Ballowitz (’14) demonstrated that in the larvae of a fish (Gobius 
minutus and G. pictus), the melanophores in the ^Ehombus’ of 
the ^Hirnhaut’ taken from a particular place under the skull 
and removed with it, showed, when removed from the body and 
placed in salt solution, a remarkable response to the stimuli of 
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light and darkness. In the body tlie* inelaiiopbovos are con- 
tractedj when removed they oxpaml. When tlnyv iw luiw il- 
luminated they show a coinpletc contraction in from one to 
three seconds. 

Melanophores have, ho\vc\'cr, also b(vn found wliiclj win , mi 
removed from the connections with tlic body failed to resiauid 
to the stimulus of light. Spaetli ( Idb'i could obstMwe no cas*' 
in which the contraction of the melanophorcvs of isolated lamdii- 
lus scales could be unequivocally attributed to tlie action ot 
visible light. Carlton (d)3) foinul that when bits of the skin nl 
Anolis were removed that the iiiclanophores iii variably con- 
tracted, and in the same leiigtfi of time when they \ver»‘ placed 
in darkness as in light. In the normal aniimil light r‘aust‘s tlie 
pigment cells to expand. Biedermaim ('92) assca’ts that wlum 
bits of skin are removed from Kana temporarla ami llyla iirho- 
rea that the melanophores contract. Biedermarm believes this to 
be due to the failure of the circulatum of the blood, t 'miton 
believes the contraction in Anolis to bo dm*, to the lack »>f iuma'c 

control. , 1 f I 

A word further may be said here about what otlna-s have Imnu 

concerning the action of ultra-violet light. Hertcl (’Oy) found 
that in Triton taeniatiis and in young I.ohgo, contract urn was 
brought about by the ultra-violet rays. If the illunuuat.on .s 
uot continued too long (10 to 15 mimites) this eoiitraetimi 
found to be reversible. Spactlrs results iu this eo, meet lou have 
already been given. Mo.st recently 'rorraea (I.!) has slum n in 
another Triton (Molge cristafa) that ^ 3 

about a. contraction of the mclanophon's, y"’ " ' 
anhnal and in excised portions of the boov and P|' ^ 

In all of these experiments the illmmnal ion ■ 

lio-ht resulted in a contraction of the melaiiophoiis. N^ai.th 
dL not state whether the inclaiioplum-s ol 
normally to light and darkness, thongli he sa, s the lisl. ^ 
ide to assume a pale condition In; placing them ovm- a 

taiy-d. ..<1 . d„k ». ll». - i ; 
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with the ultra-violet rays, and it is therefore to be assumed that 
darkness brings about an expansion of these inelanophores, as 
in the Axolotl larvae (Babak) and in Diemyctilus (Rogers, ’06). 
But as we have seen the inelanophores of .Ambly stoma larvae 
expand in the light and yet the ultra-violet rays cause them to 
contract. When whole larvae, normal and eyeless, are illumi- 
nated with arc-light the melanophores contract, if they are 
previously expanded, and are not affected, if they are previously 
contracted. This would seem to point to a specific effect of these 
rays, and to be in support of the view expressed by Torraca that 
perhaps this response of the melanophores is an adaptive one. 

REAUTIOX8 TO SOLUTIONS 

Only brief mention will be made of a few experiments in this 
connection, since, in but one or two cases, the results were nega- 
tive. After Spaeth f’13 b) had obtained such interesting results 
with the inelanophores of the isolated scales of Fundulus by 
placing them in different ionic solutions, it seemed reasonable 
to suppose that the melanophores of Amblystoma larvae might 
also show reactions to immersion in such solutions. Accord- 
ingly, various solutions of sodium and potassium chloride were 
tried, particularly since Spaeth has found that these cations in 
combination with various anions produced expansion and con- 
traction respectively. Various concentrations of these solutions 
were tried, viz, a normal solution, 0.5 N, 0.2 N, 0.1 N, 0.03 N, 
and 0.05 N solutions, also 0.65 per cent and 0.325 per cent NaC’l 
and 0.8 per cent and 0.4 per cent KOI. The results of placing 
pieces of ^Wnbly stoma larva skin in these several solutions were 
all negative, the melanophores showing no response and remain- 
ing as they were when the skin was removed. Solutions of other 
substances were also experimented with, viz., chloretone (0.01 
per cent and 0.02 per cent), atropin, (1 per cent), atropin sul- 
phate (1 per cent to 4 per cent) and curare (0.1 per cent, 0.2 per 
cent and 1 per cent). Chloretone is the only one of these 
drugs that has any visible effect on the melanophores. When bits 
of skin arc placed in a solution of chloretone the melanophores 
invariably show a i to a f expansion within thirty minutes or 
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SO, although when first placed in (ho S(dution (hoy aro all otun- 
pletely contracted. In only one case out of tivotlid the luolano- 
phores show a partial expansion in a 2 por coat solution ol a tro- 
pin sulphate, but, since none of the other experiments uitii tins 
solution or with any of the otliers slnnved (his etleet, this <“a>e 


is believed to be accidental. 

Experiments were also carried out in which tlie wl)oh> 1 irv;n‘ 
were placed in the variou.s solutions. Solutions of elilorelono. 
atropin and curare were. used. Larvae placed in 0.01 per cent 
and 0.02 per cent solutions of ehloretone are iuireotised, in the 
latter always, and in the former usually. .Vs [iarrison ( (Mt has 
shown, frog tadpoles may be kept in such solutions for scvia'al 
days with the complete cessation of all Jm»^'^'lnent ollua- than 
that of the heart. AmblystonKi lain ae can also la* k<‘pt in t)ies(‘ 
solutions of ehloretone for se\eral days, without any ill (’lTe(‘ts 
being apparent, larvae having been kept foi' as long as nine da>s 
in a 0.02 per cent solution, the rat(^ of the heart lieal being onl> 
very slightly retarded (Laurens '14 (v). V\ hen tlie larvae aie 
transferred to tap-water they comph'tely rccoviu’ from th(‘ nar- 


cotisation in a very short time, , • ,i 

The melanophorcs of larvae that Iuim* lu'cn placed in these 
solutions of ehloretone very soon show ii eom{)h4ely <‘xi>ande(i 
condition. They begin to expand, whetlnw the larvae are m 
the light or in the dark, in about twenty nnnu-tes, and m an 
hour are all completely expanded. When the larvae are trans- 
ferred back to tap-water it is some, time before the 
aaain contract. In the dark this eontraetion does not take [ilm 
in less than twelve hours, and larvae plaei'd on \j nte lae 
in bright diffuse light often do not sliow tlu' eliaiaeic.iis • - 
of the melanophorcs for bvo or tlii’ei' da} s. 

Th, of ii« cM.«a.in.- «. til., 

tta bod. »t wh.llicr i.oht«l, 1 . 1.i b. o.'P «d, 

to* o( thi, .0 th, ,»,t pi... 1 
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on the melanophores of isolated bits of skin. The larvae are 
not killed if they are not kept too long in the solution and the 
rate of the heart beat is not at all, or only slightly, retarded dur- 
ing a short stay. The melanophores will contract again when 
the larvae are transferred back to tap-water, and tHe larvae 
always appear not to have suffered any ill after-effects. The 
time the melanophores take to contract again after being placed 
in tap-water is about the same as in chloretone, 

Hermann (^86) placed frog tadpoles in a solution of curare in 
attempts to paralyze them. He found that the larvae swam 
about for eight days in a tolerably strong solution. They be- 
haved, he says, the same way in a solution of morphine. Am- 
blystoma larvae have been placed in a 0.2 per cent and in a 0.1 
per cent solution of curare. The first solution is just strong 
enough to render the larvae immotile. In neither solution do 
the melanophores remain contracted when the larvae, blinded 
and normal, are placed in darkness. That this is due to other 
causes than rendering the nerves powerless to conduct impulses 
to the melanophores owing to the curare affecting the nerve end 
connections is probable, as will be shown later under the dis- 
cussion of the control of the central nervous system over the 
movements of the melanophores. 

At this time experiments were in progress concerning the ef- 
fects on the rate of the heart beat of placing larvae in different 
solutions of sodium and potassium chloride (see Laurens H4 c). 
It ^vas therefore decided to note also the effects of these solutions 
on the melanophores of the living larvae. Various solutions, in 
addition to those enumerated above for the skin cultures, were 
used and also a Ringer solution. While nothing came out of 
these experiments as far as the melanophores are concerned it 
gave an opportunity to note some of the more obvious effects of 
these solutions on the larvae. Overton (^99, p. 115; see also 
Philip ’13, p. 85) has stated that tadpoles of various European 
species of Amphibia (he mentions Rana temporaria, Bufo varia- 
bilis, and Bombinator igneus) will live indefinitely in a 0.6 per 
cent NaCl solution, which is presumably isotonic for these lar- 
vae. However true this may be for European tadpoles, it cer- 
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tainly is not so for the larvae of AinlUy stoma, ^^’ilson » has 
shown that in Ringer solutions ami in i),ii per cent Naf'!, larvae 
of i\inblystoma pimetatuin, liana tem])oraria aiui ('horophilus 
triseriatus m\\ not develop viny far; and Jeiikinsoii I'OS) slmwoal 
that the same is true if frog tadjn)l('s in various isoloni(’ solu- 
tions. When Aniblystoina larvae, aft(‘r having at (aim'd a eer- 
tain stage of development, either just before or after tiuy have 
begun to feed, are placed in various solutmns tiny also will not 
live for any very great length of tinu'. The following solutions 
have been tried; 0.02 X, 0.01 X, O.O.o N, 0.2 i)er cent, 0.:) per 
cent, 0.325 per cent, 0.4 per c('nt, 0.5 j)er e(mt, 0:t> per cent, and 
0.7 per cent NaCI, the same normal solid iiuis of K( I and 0.4 
per cent, 0.6 per cent and O.H ]ior cent . In all of these (lie larvae 
will live but a relativity short time, iongi'i' in the weaker solu- 
tions than in the stronger, and tlu' oldtu* la.rvm‘ longer than the 
younger. All of the solutions eauseil a sfiasniodic hviteliing o 
the body and if the larvae are causi'd to swim rapidly by me- 
chanical stimulation the swimming uiovi'inents always luul ni a 
complete tetanus of the whole body. 44ie large larvae of punc- 
tatum and opacum (35 to 55 mm. long) show a muiT gre:dH- re- 
sistance than do the smaller (IS to 2.) mm. ) h^’ae ’ 

One opacum larvae (40 mm. long) was kept 
a 0 65 per cent solution of sodium (‘hloi'ide. oi mm ( . ^ . 
am appeared normal, eati.g . .ih avalily -all ( a.sUe.. a - 
smaller Lblystoma larvae and frog . 

now and then a slight indieation of spasn.o.lu. ' ‘ 

complete tetanus. -Vfter nine days the .od>' ea\ d j . . ■ 

to be swollen and in five more days the ' ^ 

KCl solutions were always more i 

Backman (’12), Backnum a^ ll.nn.y..y JJ* 

Backman and Sundberg ( L) hau. s i,,.i„t,i(us have an 

of Ranatemporaria. Bufo vulgaris am 

osmotic pressure which is nmn <>' ^ 'ni„osino1ie 

pressure just after fertiliza urn thirl vdifth day of 

Lth that of the adults 
development to be equal 
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RO reasonable doubt that this general fact holds also for the lar- 
vae of Amblystoma. It was for this reason that the large num- 
ber of different solutions mentioned above were used in the at- 
tempt to find one which would be isotonic, or approximately so, 
with the tissues of the larvae, and in which they might therefore 
live. 

As was mentioned above these experiments as far as the me- 
lanophores were concerned were negative. For about twenty-four 
hours after being placed in any of the solutions the larvae showed 
all of the responses to light, darkness and background as when 
in tap-water. After this, in the case of the weaker solutions a 
little later, the larvae lose this ability, and the melanophores 
are found in all stages from complete expansion to complete con- 
traction, though in the majority of cases they are expanded. 
The sodium and potassium ions showed absolutely no specificity 
in causing expansion and contraction. 

In a llinger solution (Clark) the older larvae will live for as 
long as twenty days without showing until a few days before they 
die any ill effects. Furthermore, all the changes of the melano- 
phores take place as though the animals were in tap-water. Sud- 
denly, however, they appear sickly, although they have eaten 
regularly and if not soon transferred to tap-water, they will die. 
Sometimes, in larvae kept in this Ringer solution the symptoms 
of spasmodic twitching of the fore limbs and of the head make 
their appearance, particularly if the larvae are stimulated to 
swim rapidly and vigorously for some time. Often these swim- 
ming movements are followed by a complete tetanus. 

There seems then to be no solution (other than very dilute 
ones of KaCl) in vFich .Vmblystoma larvae will live as they 
will in water, even though this is certainly not isotonic with 
their tissues. As ]3ackman and his co-workers have pointed out, 
there must be some regulatory apparatus by means of which 
the ability of amphibian larvae to live in water not isotonic 
with them is made ]>ossible, since diffusion through the skin 
takes place, this apparatus being in all probability the urinary 
system. 
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KiarnoN's to TiAU’LUATrui: 


Changes in temperature have hoc a jihowii to have au etlVcl on 
the melanophores of various animals, hi general, low tempera- 
tures cause au expansion of the pigment cells aiul high tem])era- 
tures a contraction. Knauanthe ('DI 'i observed that Hana tem- 
poraria and R. esculent a and BnI’o variabilis tun^ ilavk when 
kept at low temperatures, hiederuumii t’Olh stated that warm- 
ing frogs causes the bhu'k pigment ei'lls to contract, while cool- 
ing them causes them to expand, hhniuum i found that 

when a metal capsule tilled with warm water is touched to the 
skin of a frog that the melanoidiores contract, Idsi^hel (’tl(>) that 
the larvae of Salamandra maculata in cold water ib (n 7‘ ('.) are 
dark, while in warmer water ( 15 to lS"d \ ) tlnw are pale. Barker 
and Starratt (’04) noted that in .\ noils earoliiuMisis a high (lan- 
perature (40 to 45°(\), produces emit raet ion of tin' pigment 

cells which is irrespective of illumination, and a low iempt'ratun' 
(lOT.) an expansion, and later Park('r i'0(b found that a high 
temperature (32°C.) causes a proximal migration of the pigimait, 
while a low one (lo^C.) causes a distal migration in lln' lizard 


Phrynosoma blaim illei. lingers ( Ob) also found that a Ion tem- 
perature (lO^C) brings about a dark ('oloratinn of 1 tiemyt'tilus 
viridescens, while a liigh tempc'ralure (35 to 10 f '• » has a lighten- 
ing etfect, Hargitt (’12), hmvevi'r, described rather interesting 
and slightly different results from those of ottn'r invi'stigators 
He noted that a high temperature brings about a bgliti'iiingo 
the coloration of the frogs Myla \ ('rsicolor and 11. arborea, but 
could observe no definite effect of a low l('m|)cratiire. kmally 
Spaeth (’13b) showed that liigh tcmpciatnn's (3(f (\) proiluec 
contraction of the melanophores in the scab's of lunduhis. 

In solitary disagreement with tlu'so gc'ueral results are those, 
of von Frisch (’ll a and ’lib). In Phoxiiius laevis. a log i 
temperature (35Th) brings about, insU^ud o a 
expansion of the melanophores. At b. ( . the skm lake a 

ml™ colomtion, »ml 3 53'. ,1... ■; ; 

Tl«“ ",T V 7 V i 

warming one side of the body and cooling the other. Lain 
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Frisch (^12) found that the colored pigment cells— red and yel- 
low — of Crenilabrus pavo and Trigla corax also contract when 
the temperature is lowered and expand at higher temperatures. 
These temperature effects von Frisch regards as purely local and 
in no way connected with the nervous system. In dead fish an 
opposite effect of high and low temperatures was found to exist. 
Here the warmed side of the fish (35°C.) is paler than the cold 
side (15^C.). This contraction brought about by high tempera- 
tures is referred by von Frisch to the lack of oxygen, but Spaeth 
(T3 b) has easily refuted this by showing that at 29'^C. Fundulus 
scales placed in water where there is an excess of oxygen always 
contract. 

Most of the experiments dealing with temperature have been 
carried out in connection with light and darkness, and it is in- 
teresting to look briefly at the results which have been obtained. 
Knauanthe (^91) noted that when frogs were frozen they never 
afterguards took on a light coloration, even though they were 
thawed in the sun. Biedermann (’92) who places very little 
importance on the effect of light in bringing about movements 
of the pigment thinks that temperature plays a very important 
role. Parker and Starratt (’04) found that at a low tempera- 
ture (10°C.) the resultant expansion of the melanophores cannot 
be influenced by darkness and concluded that at this point tern- ‘ 
perature is the controlling factor. At high temperatures (40 to 
45°C.) the resultant contraction of the melanophores can also 
not be influenced by light and therefore again at this point tem- 
perature is the controlling factor. But at intermediate tempera- 
tures the expanding effect of light and the contracting effect of 
darkness make their effects noticeable, although the effects of 
temperature are still apparent in their influence on the rate of 
the color changes. Parker (’06) found also that in Phrynosoma 
blainvillei at 19°C. in the light the melanophores expanded and 
in darkness contracted. Light, therefore, and low temperatures 
produce expansion, and darkness and high temperatures con- 
traction, but since when a low temperature (15°C.) is combined 
with darkness contraction follows, and when a high temperature 
(32°C.) is combined with light expansion of the melanophores 
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takes place, Parker eoncliulo^^ that light, or its absence, is a more 
effective stimulus of the mel:mo])hores than heat or eohl. 

Rogers’ (’06) results are somwwhat different from those of 
others owing to the fact that in Diemyetilus light brings uboiil 
a contraction of the inelanophores (as in frogs) and therefor(‘ 
low temperature and darkness biiiig about expansion; high tein- 
perature and light contraction, d’he effects of ilhitninalion 
Rogers found to be inhibited by temperature, and he has shown 
that when combinations of a high temperature (35 to -KttM an' 
made with darkness these having opposite effects neitlier tlie 
contracting effect of the high temperature nor the expanding 
effect of darkness outweighs the other, but (hat aii “ordinary” 
coloration is the result. The smue thing is obtained when a low- 
temperature (below 30‘"(\) is coinbijunl with bright light. 

Hargitt’s results in this regard are also slightly different from 
others. As noted above he could observe no delinite effect of 
low temperatures on the coloration of tree frogs. As to illumina- 
tion he finds that light brings about a contraclinn of the rnelann- 
phores (just as in all frogs) though he quotes (‘xc('[)tioiis to this 
general result. Put darkness he found to have no a])j)rccia))le 
effect on the pigment ceils, wdiich is altogether against lln^ views 
of others. But it must be remembered that biivlermann was 
'always strongly against ascribing to light any vcav mqawtant 
share in bringing about changes in the coloration of frogs. H(' 
observed these changes but thought tliat tlu'y were sulionlmatc 
to other conditions such as temiierature, tactile stimuli, etc. 
Hargitt’s results are in agreement with this view of Hi(‘denniinn s. 
But on the other hand, although Hargitt (iii<ls that a high tem- 
perature brings about a lightening tif tlie coloration of Ireefrogs, 
a low temperature has no dcHnite effect. Biedennann. however, 
regards temperature, both high and low, as (im* of tlu' most im- 
portant conditions in bringing about changes in the pigiiumi cells 

frogs. Since Hargitt finds that neither dar ness nor low tern 
oerature both of which would be expected to firing aliout an 
expansion of the melanophorcs, has any visible 
son of low temperature eonrhineil with h^ht, and ^7. 

perature with darkness would have been interesting m order 

MB JOOBJ^AL OP ZtlUl-OGV, ^ Ol- I?*. N’O' ^ 
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see, whether, although without direct effects, low temperature 
and darkness could not be shown to inhibit respectively the ef- 
fects of light and high temperature. 

Amblystoma .larvae, show responses of the melapophores to 
differences in temperature and these can be shown to be related 
to illumination. When the larvae are placed in a cold room at 
various low temperatures from 4 to 12°C. the melanophores al- 
ways completely expand, whether the animals be kept in total 
darkness, or brightly illuminated on indifferent or on white back- 
grounds. /Vbove 12°C. or thereabouts, and certainly above 15°C. 
the primary contractions of the melanophores in darkness and in 
the light on white backgrounds, and the ^secondary^ responses of 
contraction in light on indifferent backgrounds come about as at 
ordinary room temperatures (19 to 23°C.). The effects of high 
temperature are not so easily demonstrable as those of low. Up 
to 38°(h no effect can be seen, but above this, by gradual warm- 
ing, a contraction of the melanophores can always be brought 
about, though not a complete one, the i^iclanophores never con- 
tracting beyond a condition of j expansion and usually not be- 
yond 2 - 

With respect to the effects of low and high temperatures in 
connection with light and darkness, it was found that up to 12X'. 
temperature is more efficient than darkness, the melanophores 
always becoJiiing and remaining expanded in the dark as well as 
in the light. Above that and up to 15°C. it is questionable, but 
at and above the latter temperature darkness always showed 
itself the more potent stimulus and produced a contraction of 
the melanophores, though after a longer time than at ordinary 
room temperatures. Jn the light too at this temperature (15°C.) 
expansion came about more quickly than at ordinary tempera- 
tures. An inhibiting effect of high temperature can be more 
easil}^ shown than an actual direct contracting effect. In water 
above 32 to the melanophores show a slightly quicker con- 
traction time when placed in darkness than they do in water 
of ordinary temperatures, and these temperatures retard appreci- 
ably the expansion of melanophores in larvae that are transferred 
from darkness to light. 
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When pieces of skin are renioveii from the hody and ! noun ted 
in drops of various fiuuls as mentioned above they lose all 
ability to respond to the stirmili of Ifuhl and darkness, wiili liie 
exception of the short invisihh' rays. Oin^ ini^hl expeet that the 
same would hold true for teinj)erature. But such pieet's of skin 
in which the melanophores when rtauoved are expandi'd slmw 
after a few minutes when heated on a warm sta^i' to SS T. or 
higher, a decided, tlioiigli mwer complete, contrai-tion. In tlie 
same way bits of skin in winch the melanophores a,n' at lirst 
contracted show at l(b(\ and lower a dia-ided. (l)ough also inn er 
complete, expansion. TItese (mntractions and expansions of the 
melanophores of isolated pieces ol skin arc revcrsildc to a slight 
extent. When pieces of skin are phu'cd in chlorctone (O.Ol per 
cent and 0.02 per cent) the contractions ot tin' iiielano))iioies 
when the skin is warmed will not tak<‘ placi' (‘cen wlnai tin' 
temperature is as high as 

RKACTIOX.S TO KLWTI! K ' ('! liitKNTS 


It has frequently been shown ihal ehronialophoves irs|,oiul to 
electrical stimulation, both direct and indirect. ' ' ' ' 
has recently given a list of sonic oi tlii' piipcrs i I'li mg w ' ' " ’ 
responses of the melanophores of various aiinmds to tut nai 
Sifon and there is hardly any 
to but a few of them, and to bnctir gi\i n k. i 
that seem to be most important, hater nmlcr ^ ^ 
the part played by the central nervous sysiciii m imp P ■ 

lies IrtL form of the pigment cells thisin^^ 

m his classic wort on the -I-;' 
the chameleon, found that when thi' j''|' ; 

nerve, is strongly stiniulated by an eh 111 uiHi U 

phores contract (see Van ’’ <,( a nerve bring 

tinted out that not only would the stimu at f 

Ttoi th. .1 'f »: x:, ,i“ 

stimulation of an excised pn-cy • I sciatic 

Biedermann (’ 92 ) observed that still, illation of llm 
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nerve with an interrupted faradic current of sufficient strength 
and duration brought about a paling of the skin. Keller (’95) 
corroborated Briicke’s and Berths results on the stimulation of 
the cut nerves of the chameleon. He found that strong currents 
continued for a long period of time were necessary, but that in 
about 1| minutes after the current is broken the portion of the 
skin innervated by the cut nerve is again dark. He also demon- 
strated that stimulating the posterior portion of the cut spinal 
cord has the same effect as stimulating the nerves. 

Von Frisch (’ll a and ’12) has shown that electrical stimula- 
tion, both of the cut central nervous system and of the melano- 
phores directly brings about a contraction of the colored and 
black pigment cells of fishes. Spaeth has shown that the same is 
true of the melanophores of Fundulus. Winkler (’10) noted that 
the stimulation of a bit of excised frog skin (Hyla) with an in- 
duced current will bring about a contraction of the melanophores; 
but that stimulation with a constant current results in an ex- 
pansion of the melanophores, which is followed by a contraction 
as soon as the stimulation is ended. 

When large larvae of Amblystoma opacum (35 to 55 mm. long) 
with expanded melanophores are placed in a watch glass and 
stimulated with an interrupted current (Harvard indue torium, 
with 1 or 2 ^red seal’ dry cells) a contraction of the melanophores 
can be brought about after a long-continued stimulation and 
with a sufficiently strong current. The current must be allowed 
to act for at least fifteen minutes. When various portions of 
the body are cut out and directly stimulated, either with the 
central nervous system intact or destroyed, a slight contraction 
of the melanophores is usually induced. 

When small pieces of skin are removed from the head region 
or dorsal portion of the body and placed in small drops of sodium 
chloride or of tap-water and stimulated with a faradic current 
the melanophores contract, though here again the current must 
be strong and long continued. 

An induced current then, when of sufficient strength and du- 
ration causes the melanophores to contract. This contraction 
is only to a slight extent reversible and only when the skm is 
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stimulated with a coiistaiir current. AVhen the nielanophores 
are simply left alone after stiinulatiou with (he induced current 
no expansion can be detected. 

When whole larvae^ ajid snuill pieces of skin ixir stimulated 
with a constant current, instead of the melanophores coiitract- 
ingj they expand maximally. The current does not have ti> be 
very strong, not more thaji M. A. l)eing necessary. The lar\'ae 
were placed in a wooden trough, 40 cm. long and 7 cm. deep, 
filled with water and at each end of which was placed a platinum 
electrode. When a constant current of 1.2. m- d M. A. is passed 
for a few seconds to a minute iu either direction through a larva 
in which all the melanophores arc comidetely contracted, the 
whole procedure being canie<l out in darkness m from ten to 
twenty-five minutes afterwards the melatiophores are { expands . 
and in thirty-five to forty minutes complet(‘ly expanded, If the 
animal is left in the dark, or placed in dilTuse light on a wlnte 
background, in ten to twenty hours the melano}>hor(‘,s are again 


contracted. 

When bits of isolated skin with contracted m(>lanophores an 
thus stimulated on a glass slide witli a (uirrent of from . o ' 

M. A. and for about five minutes, the melanophores a I expand. 
All attempts to demon.stratc a greater elTect of one po m t um- 

»p..«n ~lt«l N» 'Y"' *• 

mtlon Ihe eiimnl Hows Um k«l>' '« „.„i: 

all the melanophores expand. In two (‘a^^s ou o - . ^ 

mente with bits of .soiated skin it was 

at the cathode began earlier and w.as more . xfensn e * 

this is not sufficent evidence for ascnb.ng to that 

pole a greater effect. 

A ji„,» of ih, ,-i is .!» "y™; 

cfflwtion. of the melanofjlioro. Ydf lui tin- j)h,v.iolfW of ilo' 

1" ‘""'Cr 

S-S-l-lo wifh 

diaingoioh " 
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theiri selves, and one acting on nerve endings in the skin and 
secondarily, after passing through a reflex arc, affecting the 
melanophores— to be exactly opposite to those brought about by 
indirect stimulation through the eyes. 

Various experiments, which will now be briefly mentioned, 
were carried out to see how relatively important are the two 
methods of stimulation; direct— the stimulus acting upon the 
melanophores themselves; and indirect — the stimulus acting upon 
nervous end organs, the eyes or sensory endings in the skin. 
Since in the whole animal— seeing and eyeless— with intact cen- 
tral nervous system it is impossible to say whether the stimulus 
producing the ^primary' responses acts at all on supposed sen- 
sory endings in the skin, thereby setting up impulses which are 
conducted to the melanophores along a nervous pathway to the 
central nervous system and out again to the pigment cell, or 
whether the pigment cell is directly stimulated, special experi- 
ments are necessary to throw light on this matter. Of course, 
the experiments which have been so far described for isolated 
pieces of skin have shown that the melanophores may be directly 
stimulated when their connection with the body is broken. But 
it is interesting to endeavor to find evidence as to whether, when 
intact in the body, with, normal blood connections, etc., but 
with the nervous connections severed, the responses of the mel- 
anophores will still conic about and be of the same nature as 
when the nervous connections are normal. 

The experiments carried out with this view may be most con- 
veniently considered in the same grouping as those which have 
already been described. 

L Experiments with light 

It has been shown at considerable length above how the mel- 
anophores of the larvae of A. punctatum and opacum, seeing 
and eyeless, respond primarily to light by expanding and to 
darkness by contracting. Also how in a few days the expanded 
condition of the melanophores of normal larvae in the light gives 
way to a tonic condition of contraction, and how the contracted 
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condition of the melanophores in darkness j»:ives way to a lasting 
expanded condition. Furthennore. it lias been shown tiiat tlu'so 
‘secondary' responses of the niehiuoidiores do not take |d:u’(' in 
the eyeless or in the blindfolded larvae. Also, that normal si^e^ 
ing larvae respond to differences in hack‘j;rouiui iii so far as on a 
white background in bright ditifuse daylight the melaiujphores 
contract, and on a black one expand, or remain expanded. 

These results lead indisputably to die eonchision tliat tlic 
‘secondary' responses of the nielanophores of normal seeing lar- 
vae are due to nervou.s activities. Also that these neiaons ac- 
tivities are set up by stimuli received by the retinae and trans- 
mitted as impulses to the central nervous system where lliey are 
transformed and sent out along motor nerves to the pigment, 
cells. 

At this point the question can he asked as to whether any por- 
tion or portions of the central nervous Systran (am he .sliown to 
have a controlling influence over, or to b(‘ n 'cenler' for, tli.'si- 
‘secondary’ changes of the melanophoivs, aiul also in general for 
the responses of the pigment cells to light . Biniernianu ( 02); tv- 
peating experiments of Steiner’s, has shown that m H.vlii the 
optic thalamus is to be regarried as ll.c center of innervation of 
the black pigment, cells, In the brown grass frog l|i. olU) thee 
seems to be in addition a .second siibordmale center in tlieyeepei 
portions of the brain, perhaps ei en in tiie spinal cord. \on 
Frisch (’ll a and '12) has deinon.stratcd tliat in the aiitenoi por- 
tion of the medulla oblongata there is a eeiiler, the stimulus '>1 
which causes a contraction, its desfructi.m, llie expansion of li e 
melanophores of Phoxinus laevis and of the colored 
of Crenilabrus pavo and Trigla eorax. In addition t, > 
center von Fnsch showed that 
center in the spinal cord, from whuh, aft( • 

animal, impulses go out causing .a 

h D 549) also mentions brietiy the fact that, in i uiuium 
which all the melanophores are expanut , 
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Jill contracted again. As Biedermann (p. 478) remarks, this 
contraction of the black pigment cells after death seems to be a 
wide spread phenomenon, but it is one which he ascribes to the 
failure of the circulation of the blood and not to nervous influ- 
ences. It may be mentioned that this contraction of the mel- 
anophores after the death of the animal cannot be observed in 
Amblystoma larvae. If larvae are decapitated, or the body cut 
completely through at various levels, the melanophores neither 
expand or contract, but remain in the condition in which they 
were in the living animal. Also larvae that have died show the 
condition of the pigment cells characteristic of the condition of 
illumination, etc., under which they were. In short, the melano- 
phores show no spontaneous post mortem changes. 

But when the spinal cord of larvae whose melanophores are 
contracted is cut through at various levels, from just in front of 
the brachial plexus and posteriorly, there is invariably to be ob- 
served, after a few minutes, a complete expansion of all melano- 
phores even though the animal be kept in the dark, just enough 
illumination being used at the time of the operation to perform 
it, and which does not under ordinary circumstances have any 
visible effect on the pigment cells. If the larvae now are 
kept in darkness the melanophores soon (4 to 8 hours) contract 
again. When such larvae are placed in bright diffuse daylight 
the melanophores all over the body, both anterior and posterior 
to the cut expand in the same time as in normal seeing larvae (2 
to 3 hours). Also when these larvae are allowed to remain in 
light or in darkness the ‘secondary’ responses come about just 
as in normal seeing larvae. In addition, when the larvae are 
placed on white backgrounds the melanophores also still con- 
tract, It is well known, of course, that the melanophores are 
under the control of the sympathetic system as well as of the 
spinal system (Carlton ’03, Hooker ’12) and the results here de- 
tailed simply show that this is true of the pigment cells of Ambly- 
stoma also. Since after the spinal cord has been cut through 
the responses to background still take place it is evident that, 
in order that the melanophores posterior to the cut may be 
brought to contract when the larvae are placed on a white back- 
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ground and when allowed to remain in the light on an indilTereiit 
background, and to expand secondarily wlnm allow ial to remain 
sometime in darkness, the nervous pathways (sympatiu'tie'i must 
leave the spinal cord by means of the spinal nerves and go over 


into the sympathetic chain, from where running anteriorly and 
posteriorly they finally leave it to innervate tlunpigimn)! eel Is. 

Experiments were carried out on large larvae to locate wher(‘ 
these sympathetic fibers leave tlie spinal cord to ])ass out by 
means of the spinal nerves to the iierijihery. The method em- 
ployed was to make successive sections of the spinal eord, ea(‘h 
successive section being further anterior than the last, several 
sections thus being made in the same individual; or to make 


single sections at different levels in various animals. In most of 
these experiments chloretone was used to nareotise tln^ larvae, 
though in some which have <already been mentioned this was 
not done, since chloretone always cau.ses the melanojiimres to 
expand, and it was desired to see what the elTia-ts of transe<*ting 
the cord themselves were. Without chloretone narcosis transect- 
ing the cord at any level produces a tenpmrary exiiansion of all 
melanophores, this expansion giving way under proper eomiitions 
(darkness) to contraction. Even when the successive sections 
are extended up into the brain, the various portions Iming in 
turn cut through until the prosence|)halon itself is divided, the 
subsequent contraction after the expansion caused by tin* tran- 
section still takes place. The conclusion may be drawn tliere- 
fore that in Amblystoma lar^■ae there seems to be no eeii f<u 
the contraction of the melanophores, m the .sense that Ihedi r- 

luann describes as existing in the frog. 

When the cut is made througli the central nervous system an- 
terior to the first or secoud vertoi.r. tho res,,onso to a win 
background ceases, as docs also the Vecoodary expansion , 
darkness and the ‘secondary’ confractinn in dilfiis(' ligld on .in 
indkrent background. These results show that the responses 
;>f tSelanophorcs to backgrou.nls, and the secondary respons.. 

under constant conditions of illuinniation or darkness an, os . 
unaer cousia tp-it thev arc under the control 

tially nervous arid add t^ , « t . svnii>athcti<- 

of the sympathetic system and ttiat 
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leave the central nervous system at the level of the first or second 
spinal nerves. 

There is additional evidence to be obtained from these opera- 
tive experiments upon the central nervous system. When the 
spinal cord, in addition to being cut through, is bored out pos- 
teriorly, and wl\en the cut is posterior to the exit of the sympa- 
thetic fibers which control the pigment cell changes, the primary 
and secondary responses to light and darkness take place over 
the whole bpdy just as in normal seeing larvae, as well as the con- 
traction of all the melanophores when the larvae are placed in 
bright diffuse light on a white background. When the portion of 
the spinal cord anterior to the cut, or when the entire spinal 
cord is bored out, the secondary responses of course no longer 
take place, nor do the contractions of the melanophores on a 
white background. The primary responses to light and dark- 
ness are, however, perfectly normal, taking place in the same 
average length of time as in eyeless larvae, and the melanophores 
remain in the characteristic conditions for light and darkness no 
matter how long they are kept there. 

These larvae with the central nervous system destroyed have 
been kept for ten days, after which they were preserved. They 
remain perfectly still unless mechanically stimulated, though the 
rate of- the heartbeat is not measurably decreased and the blood 
can be observed to be flowing as usual through the gills, in the 
skin, and in the vena abdominalis back to the heart. 

2. Experiments with solutions 

In many of the papers on the physiology of the chromatophores 
the effects of curare on the pigment motor nerves have been 
considered. It has been shown that curare does not affect or 
influence the color changes in any measurable degree. Bieder- 
mann (^92) found that when a frog is weakly poisoned with cu- 
rare, and the cut sciatic nerve tetanized, a distinct paling of the 
skin of the leg takes place, and that in fifteen to thirty minutes 
the melanophores are completely contracted. A strong dose of 
curare is a poison and causes the melanophores to expand, but 
only temporarily. Biedermann also found that when curare 
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came in contact with the skin it hah a hirocf conlractinir cfl'ect, 
though as was pointed out above ouraro lias no etTeet on the 
melanophores of bits of Auiljlysttuna larva skin huiuersed in it. 
Bert. (75)^ earlier found tJuit curare does not aflect the pigment 
motor nerves of the chanioleon, anti that the stimulation of tin* 
nerves brings about a contract iou of tlu'. melanophores just as in 
noncurarized animals. Steiuacli ( til) also observed tliat curare 
does not affect the responses of the melanophores of frogs to 
light. 

Hermann’s (’86) experiments on frog tadpoles have already 
been referred to (p. 602). Amblystoma larvae ]>la.ced in a 0.2 
per cent solution of curare do not swim about, but remain 
perfectly still, except when vigorously stimulated mechanically, 
where they will respond with a wiNik nmviMiient of the fail. 
Under such conditions the nielaimphori's do not contract, wlum 
the larvae are placed in darknc.ss, maai when kept tluaa' for a 
week. In these larvae curare does not have a direct (‘onlracl ing 
effect on the pigment colls either when they are isol:Lt(‘d or when 
they are in the body, and the intact cells los(‘ tin* ability to con- 
tract when they are placed in darkness. This failun' on the 
part of the pigment cells to contract may be due to thedinad 
effect of the solution on the animal. The curare solution prob- 
ably brings about the asphyxiation of the larvae (thougli it 
takes more than a week for a 0.2 per cent solut ion to prove* fata!) 
and the consequent increase in the amount of ('(). in tin* blood 
may cause the melanophores to remain expanded. Hi(M](*nnaim 
has shown that in frogs asphyxiation (increased (db) brings 
about an expansion of the melanophores, whil(^ a (lecreas<i in 
oxygen causes them to contract. 

If a small amount of a 1 per cent solution of curan^ is injc'cted 
into a larva it becomes in a few minutes absobdvly motionless. 

^ If placed in darkness the melanophores contract and wheji trans- 
ferred to the light they expand. This exf)enment offers no 
proof that the curare does not affect the n(*r\ es, since it has al- 
ready been shown that the melanophores will continm^ to con- 
tract and expand after all nervous connections with lh(m\ luive 
been destroyed. 
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leave the cei^tral nervous system at the level of the first or second 
spinal nerves. 

There is additional evidence to be obtained from these opera- 
tive experiments upon the central nervous system. When the 
spinal cord, in addition to being cut through, is bored out pos- 
teriorly, and wl\en the cut is posterior to the exit of the sympa- 
thetic fibers which control the pigment cell changes, the primary 
and secondary responses to light and darkness take place over 
the whole body just as in normal seeing larv^ae, as well as the con- 
traction of all the melanophores when the larvae are placed in 
bright diffuse light on a white background. When the portion of 
the spinal cord anterior to the cut, or when the entire spinal 
cord is bored out, the secondary responses of course no longer 
take place, nor do the contractions of the melanophores on a 
white background. The primary responses to light and dark- 
ness are, however, perfectly normal, taking place in the same 
average length of time as in eyeless larvae, and the melanophores 
remain in the characteristic conditions for light and darkness no 
matter how long they are kept there. 

These larvae with the central nervous system destroyed have 
been kept for ten days, after which they were preserved. They 
remain perfectly still unless mechanically stimulated, though the 
rate of- the heartbeat is not measurably decreased and the blood 
can be observed to be flowing as usual through the gills, in the 
skin, and in the vena abdominalis back to the heart, 

2. Experiments with solutions 

In many of the papers on the physiology of the chromatophores 
the effects of curare on the pigment motor nerves have been 
considered. It has been shown that curare does not affect or 
influence the color changes in any measurable degree. Bieder- 
mann (’92) found that when a frog is weakly poisoned with cu- 
rare, and the cut sciatic nerve tetanized, a distinct paling of the 
skin of the leg takes place, and that in fifteen to thirty minutes 
the melanophores are completely contracted. A strong dose of 
curare is a poison and causes the melanophores to expand, but 
only temporarily. Biedermann also found that when curare 
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came in contact with the skin it had a direct contracting (-iTcct, 
though as was pointed out above curare lias no elTect on the 
melanophores of bits of Amblystonia larva skin iininerscd in it. 
Bert. (75) earlier found that curare does not afTect the i^ignnau 
motor nerves of the chameleon, aiul tliat the stimulation of the 
nerves brings about a contraction of the melanophores just as in 
noncurarized animals, bteinacli ( 01) also oliseia ed that curari* 
does not affect the responses of the melano])hor(s of frogs to 
light. 

Hermann's (’86) experimonts on frog tadfioies have already 
been referred to (p. G02). Amhlystoma larvae plaeed in a (1.2 
per cent solution of curare do not swim a})out, but remain 
perfectly still, except when vigorously stimulated mechanically, 
where they will respond with a wi'ak m()\ejiuMd of tiu' tail. 
Under such conditions the melanophores do not contract, when 
the larvae are placed in darkness, m en when kept tlnu’c for a 
week. In these larvae curare does not liave a dina-t contracling 
effect on the pigment cells eitlier wlnai they are isolated or wluai 
they are in the body, and tlie intact ('(‘lIs lose Ihe ability to con- 
tract when they are plaeed in darkness. This failuri' on th(‘ 
part of the pigment cells to contract may b(^ diu' to tli(*tlirecl 
effect of the solution on the animal. Tlie ciiiiuf* solution /)rol)- 
ably brings about the asphyxiation of the larwae (tlioiigii it 
takes more than a week for a 0.2 per cent solution to prove fatal) 
and the consequent increase in the amount of (’Oo in the. blood 
may cause the melanophores to remain expanded. Biedtn'mann 
has shown that in frogs asphyxiation (inen^ased (Xb) brings 
about an expansion of the melanophores, whih^ a decn'asi^ in 
oxygen causes them to contract. 

If a small amount of a 1 per cent .solution of enran^ is injecti'd 
into a larva it becomes in a few minutes absolutely motionless. 
If placed in darkness the melanophores contract and wh(‘u traii.s- 
f erred to the light they expand. This exi)eriment olfers no 
proof that the curare does not affect the ner\'(s, since, it has al- 
ready been shown that the melanophores will contimn^ to con- 
tract and expand after all nervous connections with tfiem have 
been destroyed. 
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Other nerve poisons were also experimented with. When a 
drop or two of a 1 per cent solution of strychninum nitricum is 
injected into a larva the characteristic strychnine cramp takas 
place after a short interval. A few minutes after this (#amp be- 
gins and for as long as it lasts the melanophores are contracted. 
When the strychnine dose is light the larvae recover quickly from 
its effects and the melanophores then react normally again to 
light and darkness. The result of this simple experiment points 
incontrovertibly to the conclusion that the spinal nerves also 
have some control over the melanophores, since we know, from 
the work of Verworn and his co-workers, that the seat of strych- 
nine poisoning is in the dorsal horn cells. That the spinal con- 
nections, however, are not relatively important has been shown 
by the experiments in which all the responses to light, background 
and darkness take place when these connections were destroyed. 

Experiments were also made with nicotine, a specific sympa- 
thetic nerve poison. Carlton (’03) in his work on the color 
changes of Anolis made use of this drug. He found that when 
it was injected into the body cavity, it produced a contraction 
of the pigment cells, by removing their nervous control. When 
a few drops of a 0.01 per cent solution are injected into the body 
cavity of Ambly stoma larvae both into normal larvae, and into 
those in which the central nervous system has been destroyed, 
the melanophores do not contract, but continue to react to light 
and darkness as usual. It is of course not absolutely certain 
that the nicotine in this case affects the sympathetic system, 
though it is highly probable. If it does it is further evidence of 
the much greater importance of direct, as compared with indi- 
rect, .stimulation of the pigment cells. 

3. Experiments with temperature 

The question must arise as to whether the effects of tempera- 
ture are to be regarded as being due to a strictly local stimulation 
of the pigment cells or to an indirect one taking place by the 
stimulation of the nerve endings in the skin. Biedermann (pp. 
477 and 487, see also p. 508), who regarded temperature as one 
of the most important conditions to be taken into account in 
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the consideration of the responses of the luelanoplioros of Uana 
temporaria and esculenta, was (if tiie opinion that it aetiHl 
directly on the nielanophores and not indirectly tliroufrli the 
central nervous system. An indirect reason for this In* saw in 
the fact that, when the principa! nerve of an extremity is <‘nt 
through, the soft parts removed, and the nerves running along 
the blood vessels also removed, the jiost-mortem (*on tract ions of 
the melanophores, which are due to the failure of the (drculation, 

(p. 478) come about more (pnckly when the temperature is 
raised than happens at ordinary temperatures. 

It has been shown above, by placing isolated |)ieees of skin 
from Amblystoma larvae in hanging drops ami warming and 
cooling them, that temperature does alTeet the melanophores dh 
rectly. But again it is interesting to see what the conditions in 
the body are when the central iiervous system is destroyed. 
When this is done, the blood circulation ))(‘ing intact and as nor- 
mal as possible under the eircumstanes. when the l(*mperature 
of the water is gradually raised abfive the contractionsjif 
the melanophores take place as usual. When cooled below KM . 
expansion always takes place. It has earlier been noted (hat 
when the bits of skin are placed in 0.02 [X'r cent chlordom*. In* 
contraction by warming cannot be brought about. le same 
thing is observed when the central nervous system i.s destroye( , 
the melanophores of such larvae remaining always exi)am eU. 
This is additional evidence that chloretone ex(*rts its expam ing 
(anesthetic) effect not merely by means of tim nervmus sys.em 
but also directly on the peripheral organs. 

4 . Experiments with ek’Ctne ctiiirnls 

When the central nervous systejii is cut 
surface stimulated with an induced curreiiv i) s^ ^ 

and duration a f of llm 

of course not possible to saj whether it . 
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thctic fibers^ which points again to the conclusion that, although 
the control of the spinal nerves over the melanophores is nor- 
mally weak, they do have some control. In addition, as 
has already been pointed out, direct stimulation of tho^melano- 
phores in the body and in isolated pieces of skin, also causes 
contraction. 

The main effects of stimulation with the constant current have 
been noted. It produces an expansion of the melanophores both 
in tlie whole animal and in isolated pieces of skin. Now when 
larvae in which the spinal cord has been cut through are placed 
in a wooden trough and the currejit passed through them, the 
effect is the same as in the normal animal, the expansion of the 
melaiio])iioros taking place over the whole body. Agairi under 
these conditioii.s no e\adence of a greater effect of the positive or 
negative ions can l)e demonstrated. When a larva, in which 
the anterior portion of the nervous system has been bored out, 
is stimulated with the constant current, expansion of the mel- 
anopliores takes place over the entire body no matter in which 
direction the current is flowing and the same is true when a 
larvii in which the portion posterior to the cut, or the entire# 
nervous system has been destroyed, is stimulated. From this 
there can be no doubt that the constant current acts directly 
on the melanophores. .In addition it probably also acts indi- 
rectly, by means of impulses sent along the spinal and sympa- 
thetic nerve fibers. 

DISCUSSION AXD CONCLUSIONS 

Normab seeing, and eyeless larvae of Amblystoma punctatum 
and opacum show exactly opposite conditions of the melanophores 
under identical conditions of liglit and darkness. This is a con- 
dition, how^ever, which though permanent comes about second- 
arily. The primary responses of the melanophores of seeing and 
blinded larvae are identical. Darkness produces a contraction 
and illumination an expansion. According to Babak, in the 
larvae of A. mexicanum Cope (A . tigrinum Lauren ti) the differ- 
ences in the responses of the melanophores between seeing and 
blinded larvae are primary and always exist. In the Axolotl 
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the melanophores of the hlinilod lan ae contrad in Oai'kiuss and 
expand in light, while the iiielaiaiplaa’es of iionnal siaang lar\'ae 
expand in darkness and eoiitraet in tlie light. 

A nutiber of in\'estigat()rs have noted that Minding anitnals 
causes the melanophores to expaiul. hut few have eanied the 
matter further to see if in these blinded in()i^■idtlals the ('iTeets on 
the melanophores of illuvnination and darkiwss wviv still to he 
observed. To mention but a few instances, lingers I’OOi si'e- 
tioned the optic nerves of Ditnnydihis \'iri(ies(‘eMS and noted 
that the animals became permanently dark. Darkness normally 
produces in this animal ait e\]iausion of the ebromutopbores. as 
in the frog, but it would liave been interesting to know how llie 
melanophores of these blinded individuals la'liaved in darknc.^^s. 
Franz (TO) experimented with young liat-hsh ( lM(‘ur<uu‘ctes pla- 
tessa). He records for these (ish a liighly developjal n^sponse tf) 
differences in the nature and color of the l)a(*kgj'oiin(l, but does 
not mention their reactions to light and darknoss, \\ lion tlie 


young fish are blinded a maximal expansion ol (la‘ chnunato- 
phores takes place. Secorov (TO) sIiowihI that norncil signing 
^^emachihis barbatiila exhibit a inarkiMl adn])tability to liack- 
ground (color, tone, etc.). When iihiced in the dark tln-y as- 
sume a dark red-brown color, and wlum p]a(‘cd in (he light and 
illuminated from above they turn iiale. When blinded lisb 
are placed in darkness they assume a md-brown color (lighter 
than the normals), but when brought into th(‘ light tluy an* 
dark red-bro\vn, as blinded animals are, which Inn e always b(*(‘T) 
kept in the light. From this it seems that in tin* bhndod animals 
there is a slight contraction of the rhromalo])hores, at least o 
some of them, in darkness, and that light eaus<>s Ihein to cxpiinrl 
again. Eycleshvmer (T4) has recently noted that tin* distribu- 
tion of the pigment of decapitated Xecturiis larvae is the same 
as that in the normal larvae, but that tlie chroma ojihores an. 
greatly contracted. Von Frisch ('ll a) found that a 
which render the eyes 

optic nerves, cutting the chiasmas, ( eTio\ing u. r( i ‘ 
in certain of the Cyprinoid fishes, (( 

laevis) and in Salmo fario, a darkening of the .hole body 
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This darkening comes about in a few minutes and lasts for sev- 
eral weeks, after which the fish gradually assume their normal 
color. The blinded fish lose the ability to adapt themselves to 
background, but not the capability of spontaneous color change. 
In Salmo there is simply a darkening produced, the adaptability 
to bright backgrounds being lost. In these fish the light which 
is received through the eyes is the most important of the factors 
which have to do with the tonic contractions of the pigment 
cells, and when this is removed the pigment cells relax. The 
trout is not only dark when the eyes are removed, but also when 
normal animals are placed in darkness. In Phoxinus laevis (v. 
Frisch, ^11 a and ^11 c) the conditions are similar, though in the 
blinded fish the melanophores are not directly stimulated the 
changes in the pigment cells being brought about by the stimu- 
lation of certain sense cells in the epithelial covering of the 
^Zwischenhirnventrikel/ In this fish there is a difference in the 
reactions of the chromatophores of the seeing and blinded indi- 
viduals. The former respond to the brightness of the background, 
turning paler the brighter it is; but the blinded fish turn darker 
the greater the intensity of the light, and of course show no re-' 
sponses to differences in background. When the blinded fish 
are brought into darkness they turn pale. Illumination there- 
fore has a directly opposite effect on the melanophores of the 
blinded fish to what it has on the pigment cells of the normal 
seeing individuals. Von Frisch further found that the extirpation 
of one eye in Cyprinoid fishes has a short temporary darkening 
effect over the whole body, and in Salmo it causes the opposite 
side to become permanently darker. The covering over of the 
eye with a black blind has in the trout the same effect as the 
extirpation of the eye. In Crenllabrus pavo, however, (v. Frisch 
d2) the conditions of the chromatophores in seeing and blinded 
individuals are not opposite, but identical; illumination causes 
expansion^ and darkness a contraction, and in blinded fish more 
clearly than in the normal seeing ones. 

Babak’.s views on the differences found between the melano- 
phores of the seeing and blinded larvae of the Axolotl have 
several times already been referred to. But for the sake of 
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clearness and comparison the following HUotation will he ^Iven 
here (Babak ’10 a, p. 104), 

Es lasst sich kaum (iariihi;r >:w(‘ifi'lii, Oass die C'liroiuatopiuHvii tier 
Ainblystomalarven in beidon Phasm iluvr fb'ua’irinij:en sawoh] Wx 
ihrer Ausbreitung als auch Ixd ilin'r /iisaiiinu’Oballiing <iurrli 
Zentralnervonsystem beheiTscht waa'diai. und ywar wird dii'sc maciitige 
doppelte Innervation duiTli di(' Xiazliauto lu'diiigl. Ibai Nda/banieii 
muss man zwcierlei entgcgrnge<('tzU^ di‘s /.(aitralru'rvtai- 

systems zusprochen, ]e nachd('!n di(‘S(‘lluai belruditet oder vrrdnrdu'h 
werdon. Die vcrdunkelten Nd'i/hauti- \virk<'i! clxailalls po.'iiliv. d, h. 
bewegungsausiesend auf die ( ‘hrnin.alnidinnai eiii, wie dit'^iiiirrl) das 
Licht gcreizten Netzhaute, als'f iin eiitgegnigecielitettai Siniie. Ibe 
Verniebtung der Netzhaute hat gan/ versihiialeiie Iblgen als line \er- 
dunkelung, oder anders gosagt, die Nd'tzlniufe siiid aiieli liei vel igeni 
Lichtabschluss tatig, luid zwar in i'iitg('geiiiiese(zter lb<‘liiung, als bei 
starker Beleuchtung. 


And later, on p. 105: 

Alan Avird hier wolil nielit zuaaerlei nei'v« se niammingsuirkungeii. 
dnandor entgegongmdzt, aniubinen, sniidi'in znaa toniseiie [luieiva- 
'.ionsarten dei bcid® d.-r ^ 

:;hromatophorenAiisbreitungs]nnervali(.n eii(s])i'ing d.ai i id inki t 

NeSt™ UBd ist .uweiloB .0 sla.k, .lass ,11,. 

verdunkelten Chroma tophoren sich (>.\(naii zusaiinne i/ubalh n ul < 
ivindet und Yerdunkclung der Haul hervornifl ; diet hnamdopbou n- 

Zusammenballungsinnevvati^u entspiinsl ,1,.B l,.-l.'U^ 

und ist zuweileii so stark, dass sic die 1 ciiili’iiz d k 1 '., ,,, 1,1 
ten Chroraatophoren sich extrcin aus/aibn.itcn ub.-iuiiNlil ini.l M 

bleichung der Haul bcwiiki. 

That this explanation will not apply to lli,. con-litions wliirii 
exist in the lame of A. punctatum i..i<l A, oi«<',i,n must 1 . 
clear from the results given aliove. Habak ipp. '•»/ ain . ' "I' 
tions only the differences between 
of normal and blinded Axolotls, ami it is ' 
that these differences do not come abou s,co . | 


the jocrn’ai- or 
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ing larvae from those previously found there, and always found 
in the eyeless larvae, take place. The secondary contraction 
of the melanophores of the seeing larvae which takes place after 
a few days of constant illumination (interrupted at night) is 
only a partial one. It might be assumed that the constant il- 
lumination of the retinae causes impulses to be set up, the end 
effects of which are opposite to those of direct stimulation, and 
that under constant conduction of these impulses to the pigment 
ceils a contraction is brought about. The fact that the second- 
ary contraction is not a complete one points to the view that 
there may be a conflict, as it were, going on between the two 
kinds of impulses, and that that one set up by the indirect stimu- 
lation finally gains the upper hand and the pigment cells are 
brought to contraction. It must be admitted (see Table 2) that 
it is the general function of these pigment cells to expand when 
illuminated, botli wlien indirectly stimulated as well as when 
directly, since seeing larvae show the primary expanded condition 
of the melanophores when illuminated more quickly than the 
eyeless larvae do. Later, -perhaps owing to the photochemical 
action on the retinae of continued illumination, impulses are 
set up which have an opposite effect and the pigment cells are 
brought to contract. 

The question as to which condition of the melanophore is to 
be regarded as the active and which the passive has a certain 
significance. It seems most plausible, speaking generally, to 
regard the expanded condition of thb pigment cells as the relaxed 
(passive) one, and it might be said that for a melanophore to 
contract and to remain contracted a nervous impulse set up by 
the light stimulus has to work against two forces, the one the 
result of the direct stimulation of the pigment cell which causes 
it to expand, and the other the general tendency of the pigment 
cell to relax, or in other words to expand. But in darkness the 
primary response of the melanophore is also to contract. C'er- 
tainly from this, one might advance a strong argument for the 
view that the contracted condition of the melanophore is the 
passive one, or the one assumed when the pigment cell is at rest, 
and that tlie protoplasm of the pigment cell by simply relaxing 
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becomes balled up into a single pcunt. just as an Amoeba which 
is rounded is more at rest tlian om‘ in which the protoplasm is 
pushed out into pseudoiHidiii. (leaving out of consideration the 
means by which, or the jiianner in which, the pseudopo<)ia are 
caused to protrude). Ihit none of this ('xplaiiis the ‘secondary’ 
expansion of the pi^rment cells of the seeing larvae in darkness. 
Does the explanation i)\ Ihvbak hold here.* Ami can it he ad- 
mitted that impulses which nwe their (n’i;j;in to tlu‘ stimulus of 
darkness are set up in the retinae and enudueted alontt nervous 
pathways to the pigment c(’lls and tlu're produce (expansion.’ It 
may seem rather difficult to n'gard the absrma^ of a stimulus 
(which continued darkness is) as a, stiimilus, or as tin* means of 
setting up a nervous im])ulse. Ihit tiie 'secomiarv' ('xjiansion 
of the melanophores in darkness cannot he regarded simply as 
a relaxation on the part of the pigimmt M\. bu' tlum (lu‘ blinded 


larvae would show it too. it seinns [lecissary. (Inaa^fore. (o as- 
sume that nervous iin])ulses started b>- (‘luMnical changes in tim 
retinae due to the long contimied ahsiaua' of light are sent to the 
pigment cells along the pigment motor neiaas <'ausing them to 

expand. , 

The importance of the retinae in lulnging aljoiit lln^ secotidai> 

reactions is shown very well by fbe results .,f the evpenments 
with the blindfolded larvae of A. opaeuin. ttheii these 
are exposed to bright diffuse light tlu^ same tiling lia|ipeiis ,is m 
eyeless larvae- -the melanophores beemiie and 7";!''' I"'';',';;' 
nentlv expanded as long as the larvae are kept a, the lig , . ^ 

retinae being protected hr- the blindfolds no. m \ ei,\ li , k 
can reach them and cause changes leading to the format,..., f 
nerve, impulses. But in darkness, since the ret mac are pres, nl, 
although the eves are blindfolded, the same ihiiig iiipiiens as 

the. retinae seems to be what causes the exp.u, 


of the pigment cells are to be I t^uieC.^ 

the illuminated retina caiisin was of the opinion, 

darkened retina causing expansion. Htu.keva, 1 
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in connection with his belief that light did not act directly on the 
pigment cells, but on special nerve endings which were reflexly 
Connected with them, that the contracted condition was the 
one which resulted from sthnulation. He was led to this opinion 
by the fact that when the nerves were cut the pigment cells ex- 
panded due to the falling away of the permanent tonic condition 
sustained by the nervous connections. When these cut nerves 
were stimulated the melanophores contracted. Keller (’95) easily 
corroborated these experiments and arlmitted that since electric 
stimulation brings about contraction, the contracted condition of 
the pigment cell must be regarded as the active state, which is 
brought about by stimulation. But non-illumination brings 
about in the pigment cells of the chameleon, this same result of 
contraction, and therefore the question is put by Keller as to 
whether a negative factor, such as the absence of light, can func- 
tion as a stimulus. Keller is of the opinion that this is not, on 
a priori grounds, simply to be denied. Jle thinks, however, that 
light may be assumed to be the active stimulus and its effect 
consist in wMbiting the contracting impulse. Carlton claims 
that in Anolis the contracted condition of the melanophore rep- 
resents the state of rest of the pigment cell, since it is produced 
by any means which brings the melanophores into an unstimu- 
lated state, viz., darkness, cessation of circulation, narcosis, nico- 
tine poisoning, and possibly the cutting of nerves. 

Briicke suggested three possibilities to explain the expanded 
and contracted states of the melanophores of the chameleon in 
relation to the question as to which could be regarded as the active 
state of the cell. Of these Keller (p. 160) finally leans toward 
the third. To quote from Keller: 

Eine dritte Annalirne wiirde darin bestehen, dass man beide Zustande 
als aktiv betrachtet, und von zwei antagonistisch wirkenden contrak- 
tilcn Elcmenten ableitet, von denen das, welches den hellen Zustand 
hervorbringt, an Krafte llberwiegt, aber von den Empfindungsnerven 
aus niclit, wie das, welches den dunkeln Zustand bedingt, reflektorisch 
erregl, werderi kann. 

But against the assumption of a double innervation which 
Bert, to satisfy the physiological conditions, suggests on purely 
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theoretical grounds, Kellor liU ' [loiiits oul that while both 
conditions of the pigment cell eau4u‘ reganloi ns muisa^ iliis can 
be explained most simply by assuming a single innervation. - 

Fiir die akropetal wirbanleii Ideiuentc wiire cine in dmi iiie lehh'ii- 
dcn Erregungszustande der /(die h(‘gnauK‘(e Art von lotuis anzuneh* 
men, vermdge desseii sie in Kraft treten. wo ihre Ant agonist en d\irrU 
Trcnnung vom Nerven oder kliuvh ('Idoroform ansser ratigkcti gesei/A 
werden. Das Licht wi'ivde nieln ant dent Wd'ge des Uellexes lieninn'iid, 
sondern direkt crregcnd wiiki'n. 


This brings us to a consideration of the matter of the relative 
importance of the direct action of lif;hi an.l other stinmli on the 
melanophorcs compared with that of iiuliiwt ^tiimdalion. liy 
direct stimulation is meant the action of the sliinuli mi the 
pigment cells themselves. From the resiills of tlie experinimits 
carried out to determine tlie inlluence of the iiervoiis s\ stern 
on the reactions of the mclanoi.hores it was .seen that the 
pigment cells arc under both sympathetic and s,nt1al eonlrol. 
but also that when the.central nervous .system was coinpletely 
destroyed the responses of the melanophores sfill too. pace 

Biedermann holds that tenilieratiire acts clirc'clly on tin- pW'ivict 

cells. Steinach (’91), working on Rami lemporana and escu- 
lents found when all connections, mawes, bloo, vessels a,n, so 
parts are cut away, that the skin of the leg slill turns d.mk ui 
darkness and pales when illuminated Dutartre l 
saw that when the sympathetic and .spmal ner es wnc ml, . 
p—nt darkening of the skin. Hooker , 'Fi, 

Lclusrve evidence that light docs act d.rcctly on tin p,g n 
i When he cut the lumbo-sacral ple.xus. or renio 
sympathetic ganglia from which ,,,,1 of 

leg the normal - 

R. fusca are not aftectal. ^ u nc i in color, 

carried out, the part depiuet o im ,, py inm.rvated 

butmuchmoreslowdyfortwodays 

leg; after this fhe y* |,„th s,)inal and sym- 

demonstrated, m this r^g ^ 'n.piUs of tluMiiolaimphorcs. la 



further experiments, Hookei oDsem 
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one leg are cut away^ by which all the sympathetic fibers which 
may reach the pigment cells aiong the blood vessels are removed, 
an^ also in hanging drop cultures of small pieces of skin in plasma, 
that the pigment cells still respond to the stimulation of light. 
These responses are of particular interest. For the first day 
after the isolation of the pigment cells from nervous control, 
they react similarly to the pigment cells which are under this 
control, that is when illuminated they contract, and when placed 
in darkness they expand. But after the expiration of one day 
the responses are reversed, and upon illumination the cells ex- 
pand, and on being placed in darkness they contract. If this 
secondary type, of response carne^ about immediately after the 
isolation of the pigment cells it would be in line with the as- 
sumption that has been made above to explain the behavior of 
the melanophores of Amblystoina when indirectly and directly 
stimulated, viz., that indirect stimulation by means of light 
caused contraction but that direct stimulation caused expansion. 
It would be very interesting to have Hooker’s results corrobor- 
ated on other animals, and it is to be hoped that an explanation 
of this reversal of the reactions of tlie isolated pigment cells will 
be soon forthcoming. 

The results which have been described from isolated pieces of 
skin and for larvae in which the central nervous system has either 
been totally or partially destroyed show that direct stimulation 
of the pigment cells does take place. In eyeless larvae the pos- 
sible action of light and darkness on the nerve endings in the 
skin cannot be denied, but the experiments which have been de- 
scribed show plainly, granting that the nerve endings are stimu- 
lated under normal conditions, that the changes in the melano- 
phores come about when there is no possibility of the passage 
of impulses to the pigment cells. These experiments also give 
evidence for assuming that the primary responses shown by the 
normal larvae arc brought about in greater measure by direct 
stimulation of the pigment cells themselves than by indirect 
stimulation through nerve endings in the skin; also that the in- 
/lirect stimulation through the nervous system which is induced 
by impulses arising from the stimulation of the retinae, have 
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only a secondary influence. Id) is inliuenee, altl)oup;h secondary, 
must nevertheless be admit ted to be a strong one. since it is, 
after a considerable time able, to no erse the primary ellVcl of the 
direct stimulation. That the etTects of indireet stimulation are 
not altogether opposite to tlu^se ot direct stimulation lias 
already been shown by the fact tiiat in the Jtoiasial seeing 
larvae the primary respon.^es to light and darknes.s ('ome abuut 
more quickly than the corresponding ehajiges in th(' iweless 
larvae. 

The mechanics of the movements of the i^igment eells ninst la* 
briefly referred to. The tltree chief views as to the real form and 
structure of pigi^icnt eells, and the nu'aiis lyv width, and tlie 
manner in which, they regain tla'i)' constant expaiulcil patttu-n 
after contraction have onlv recently agaiti been brougbt iorwanl 
by as many investigators. Ballowit/ ('Id ami d 1), to menlmn 
only two of his most recent papi'is on the sunject, reitmate> n> 
many times expressed opinion that tlie moveimmts ot liic pig- 
ment in the pigment colls an^ due to intracrlhilar streaming ui 
the chromatophorcs which have umdiangeabh^ eeU forms. n* 
protoplasm of the chromatophore is filled will, numerous ex- 
tremely fine, radially arranged, anastomosing canals in whmh 

the pigment is contained, and which aivclosed on th(‘outM» • ^ • *> 

membrane can be demonstrated, hut the walls ot the canah an 

extremely tMn and arefornK-d by (he ,,ro(oplas,n j,i ' I'- 

tophore. ThecontractinnoftluM^rotuplasnnru.dls, 

alternating with its relaxation .^o^cs and drives tonr.nd ll» 
pigment granules. If the proto|.la,snur wall ,n Ihe proresses 
The cells contracts irr transverse waves from the ’ 

the center, then the pigment streams toward 
cell, and the canal protoplasm ot tlie renter m tl i • ■ 

■ the same time relaxing, the pigment stream- into it and imm I. 

• 

and the protoplasm of the piaKW-sses relaxes th^ tin 

granules stream out into the ptod ssf.s. the inost 

Spaeth (’13 a) holds to the - 
popular, that thcchromatophoics o ■ ^ plasm, 

Ivithin which the pigment earned m a mtlu r 
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streams into and out of the processes during expansion and 
contraction. 

Hooker (d4 b) upholds another. and third view, that themel- 
anophores of Amphibia (larval and adult R. pipiens and adult 
R. fusca) lie in preformed spaces and that they expand and con- 
tract within the spaces which enclose them. The acts of expan- 
sion and contraction, according to this theory, are brought about 
by pseudopodia, the pigment granules being carried in the cell 
cytoplasma and the pigment cells are therefore to be considered 
as amoeboid. 

Not very much can be derived from a discussion as to which 
type of pigment cell (granting that in different classes of ani- 
mals they all exist) fits best the requirements of direct and indi- 
rect stimulation. Though Ballowitz finds that the expansion 
and contraction of the chromatophores takes place when bits of 
skin containing them arc isolated yet for the indirect stimulation 
of the type of cell described by him it would seem almost neces- 
sary to assume the existence of a double innervation of the cell, 
the simultaneous conduction of impulses along the two kinds of 
fibers causing at one time the contraction of one part of the cell 
and the expansion of the other. But on further consideration 
the assumption of a double innervation does not seem after all 
essential. Just as in a free bit of motile protoplasm, such as 
an Amoeba it is clear that a stimulus may cause one portion of 
the protoplasm to be contracted while the other is expanded 
(relaxed). In fact the movements of the pigment carrying por- 
tion of the amoeboid type of rnelanophore, whether it be a fixed 
stellate cell itself, or whether it be enclosed in a preformed space, 
conforms very nearly to what takes place in a free Amoeba, 
when directly stimulated and a single innervation of the pig- 
ment cell is all that is necessary to explain its moveinents under 
indirect stimulation. 

Finally a few words may be said regarding the lengths of time 
taken by the pigment cells to change from one condition to another 
when stimulated by light. These have been already given un- 
der the general account of the reactions of the melaiiophores. 
Parker (’06) found that the distal migration of the pigment in 
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the chromatophoros of Phn iiosoiiKi blainvilh'i is accomplished in 
fifteen minutes, \#iile the proximal migration taki‘s a little more 
than half an hour to be accomplished. Carlton i’ttiC iiAind the 
same conditions to hold in Amdis. wlaa'c the t'xpansion oi the 
melanophores was co]nj)]{'ted in four minutes, the eontractum ni 
twenty-five. 

Babak (’10 a) has gi^'on tlie order in wliieh the ciianp;es may 
be brought about in seeing and blinded Axolotls. He notes tluit 
in addition to the lack of the eyis. and tli(‘ (‘onsecpient loss of 
control over the movements of tlu' [)ia;menl by tlu‘ central nerv- 
ous system, making the reactions of the melaiH>phores e\a(‘lly 
opposite to that observed in seeing lar\'ae. tlu’ central maa'oiis 
system also controls the amplitud<‘ (piv\(ailing extremes) and 
the rapidity (the indirect stimulation being faster than the di- 
rect) of the movements of the pigment. Furthermoie. that il- 
lumination causes changes in the pignumt irlls to coiiie about 
more quickly than darkness does, and the pres<mee id the eyes 
more quickly than when they aiv removed, ioom thes.^ iibser- 
vations he set up the following order in winch the ehangi-s m 
the pigment cells under the various eoiiihtii)ns taki> place. (1) 
paling of normal seeing animals m the light (contraction): 
(2) darkening of blinded animals in tic light ((‘Xiiansmti) aiu u 
darkening of seeing animals in darkness ((>xpansion): M) )i:dmg 
of bUnded animals (after long exposmv to the light 1 m darkness 

Luiidbydarknessthe,.h ’"■V;'':;:;::;:.: 

the reactions of the nrelar.ophore.s ,o^ l,eht nd da. kn, s. .0 Mup _ 

themselves m quite a j , p, clinnRes Ihau 

do the eyeless, and that ^ .,, 1 , 

sion ill both, acts mOie qu „ li., mv('s l!ie sequenei' 

brings about contraction. le ,,m,]ilions elmiige 

in which the melanophores und<i 

(see table 2). 
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1 . Expansion of the melanophores of seeing larvae in the light 
(1 J to 2 hours) . 

2. Expansion of the melanophores of eyeless larvae in light 
(2 to 3 hours); and contraction of the melanophores of seeing 
larvae in darkness (2 to 3 hours). 

3. Contraction of the melanophores of eyeless larvae in dark- 
ness (4 to 0 hours) . 

4. 'Secondary’ contraction of the melanophores of seeing lar- 
vae in the light (3 to 5 days), and ‘secondary’ expansion of the 
melanophores of seeing larvae in darkness (5 days or more) . 

SUMMARY 

1. Normal seeing larvae and eyeless larvae of Amblystoma 
punctatum and A. opacum show different states of the melano- 
phores under identical conditions of illumination and darkness, 
after they have been kept for some time under these conditions. 

2. The melanophores of normal seeing larvae that have been 
kept for some time (longer than 3 to 5 days) in bright diffuse 
daylight on an indifferent background are contracted. The mel- 
anophorcs of eyeless larvae are maximally expanded. The 
melanophores of normal seeing larvae that have been kept for 
some time (longer than 5 days or more) in darkness are expanded. 
The juelanophores of eyeless larvae are contracted. 

3. The melanophores of normal seeing larvae that have been 
kept in bright diffuse daylight on a white background are con- 
tracted; on a black background, expanded. 

4. The primary reactions of the melanophores of normal and 
eyeless larvae on the other hand, are identical, light bringing 
about an expansion, darkness a contraction. In normal larvae 
the response to light is complete in to 2 hours, the response 
to darkness in two to three hours. In eyeless larvae these re- 
sponses take two to three hours and four to five hours respec- 
tively. Only after being kept for some time under a particular 
condition do the secondary state of the melanophores (as given 
under paragraph 2) in the normal larvae take place, by which 
the melanophores assume the opposite state to that which they 
were in primarily. 
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5. The melaiiophores of bliiuifolded larx atK whon ilhnninatoil. 
act like those of Eyeless iiulividuals th<\v expaiui and reinaiu 
so. When placed in darkness they act likt' tlaw* df noiinal see- 
ing larvae---at first they coittracl. hut after live days <u' mme 
they expand, 

6. The responses of the nielataphnns of recently nieianiof. 
phosed young adults atv identical with those of the larvae, only 
sitter and less coinpkue. 

7. The melanophores of \'<a'y young larva(‘ do not react to 
light, darkness and hackgrotinds, until certain stage's of develf>p- 
nient have been reacluMi ip[). oiVj r)pr)). 

8. The melanophon^s in isolated [)iec(‘s of skin, asepiiealiy 
removed and suspended in dro])s of \ai’ious lliiids. do not react 


to daylight, to the, light from a Nenist glow('i\ iior (o darkiic'^s. 
But they do react to tlie light from ait avedamp hv contract mg. 
From the work of others, illertel. Spamh, ami 'rorracai it may 
be assumed that this (‘outraclion is caus(Mi, not by visible light 
but by the ultra-violet rays. A OJIl p(M' emit solution ot ehlmv- 
tone inhibits this ell'ecr of thi^ arc light. 

9. Solutions of Na('l, K(d, ami alropin have tu^ exfianding or 
contraeting effect on the imdanophoivs. mntlua- when the larvae 
themselves arc placed therein, nor wlum .^mall pieces oi skm are 
suspiuled in them. Atr()])in sul])hat(‘ i! p('r ciait ) and curare 
(0.2 per cent and O.l per cent ) cause tlu^ im^lanophon^s to expand 
when larvae are placed in them. i)u( d.) not ali.a-t the im‘ ano- 
phores of isolated pieces of skin placed in 1 per cen o 4 per 
cent, and 0.1 per cent, 0.2 per (amt and 1 per e.ait solutions u 
spectively. Chloretone always |)rodu(a-s an ,‘xpan.^mn ol 
ianophore, and inhibits iho 
Larvae cannot be kept in Holutions "I I'liiii i ■ a " 
fatal results. In a Ringer solution opiicum lar\ ao « 'll li • ■ 
long a-s twenty clays, »cd the, luetanopliores will respond m Rn 

vae ar,d of larvae with dft.liared ,,alu „ . 
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that the melanophores remain expanded. Above the char- , 
acterlstic response of contraction takes place M at ordinary room 
temperatures, though more slowly, while the expanding effect of 
illumination is hastened. High temperatures (above 32^C.) has- 
ten the contracting effect of darkness and retard the expanding 
effect of light. The melanophores of isolated pieces of skin when 
cooled below 10°C. incompletely expand and when warmed above 
88°(\ they incompletely contract Chloretone inhibits the c«n- 
tracting effect of a high temperature. 

11. The melanophores of Amblystoma larvae show no post- 
mortem changes and there is no 'center’ for their contraction and 
expansion. The melanophores, are, however, under both spinal 
and sympathetic nerve control, the spinal control being relatively 
unimportant. The sympathetic fibers leave the spinal cord by 
means of the 1st or 2nd, possibly both, spinal nerves. When 
the spinal cord posterior to the 2nd nerve is destroyed, the pri- 
mary and secondary reactions of the melanophores take place as 
in normal seeing larvae. When the portion of the central nerv- 
ous system anterior to this level is destroyed, the secondary 
reactions no longer take place, though the primary reactions are 
perfectly normal. 

12. The primary responses of the melanophores to light and 
darkness are due essentially to direct stimulation, though^ndi- 
rect stimulation through the eyes also plays a part. The sec- 
ondary reactions of the melanophores of normal seeing larvae 
are due to nervous activities, set up by stimulation of the reti- 
nae, but in which supposed sensory endings in the skin have 
little or no share. The indirect stimulation through the retinae 
assists the direct, in that in larvae with eyes the primary reactions 
of the melanophores come about more quickly than in eyeless 
larn^ae. Only later is the result of the indirect stimulation op- 
posite to that of the direct. 

13. When larvae are placed in a 0.2 per cent solution of curare 
they are soon rendered immotile and the pigment cells remain 
expanded under all conditions. If a small amount of a 1 per 
cent solution is injected into the body cavity the larvae are again 
rendered immotile but the melanophores react to light and dark- 
ness as usual. 
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14 . If a drop u^two of a i por la’iit solution of slryohnint’ is 
injected into the body (‘avity the ni(’lan(»j)hort's sonri I'ontract 
after the cramp begins, wliich points to the exist enco of :i spinal 
control. 

15 . If a few drops of a O.Obper eent solutioii of aitaitini' is im 
jected into the body cavity tlie prineary reactions of ilu' inehno- 
phores to light and darkiu^ss take' plaei' as usual. 

16 . An induced current of suiruhait strength and duration 
causes the melaiiopliuia's to (-onti'act in normal larvatv in larvae 
in which the central nervous sysU‘in lias beiat destroyeil. itt ex- 
cised portions of the body and in isolati'd pieei's of skin. \ 
constant current causes tbe melano]ihon's to expand. 

17 . Light, temperature, and eledrie eurreiits all aet directly 
on the melanophores. Liglit and elect lac cmreiits in addition 
also act indirectly on tiie tiigmeiit cells b}- iiu'ans of spinal and 
sympathetic nerves. Lhe nerve endings tor the rect‘ption of in- 
direct light stimuli are in tlu^ nAiiiaiv siaisory nerve endings in 
the skin probably playing no part. 
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